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■3xJ^ c ~1 ■ ti j 4 ’"N.*-.o j 4jl ^Ic-^ ^a^J^LM 

^ ^Vl 1 _j^3 i(jl£i-a (JS CS^J L^-?- 4 c£ LaPiLLuia L-Lml~v\l ^ u^il bj] 
Cllliljj^Jb jA j ^ u.'-i.alb _jA j jA j tc.l)>\' jA j io^jjLLa]! cs^J SjLjjoJI 

jAj cAjjaJ! (JIj^^Lj bill (_5j^JI PLuaj^l jAj tLi]l_j-ai a^aJL 4_lJVI 

jAj LilLaC-l jj.1] l_u£a1! jAj jbi-Vlj ^c-al^jbl l _ya^yu (jjjJjiUlj Ai-b^l 

ClsVL^ajVlj 4_}3jj]l ^3 ^aLuU LuJI 


L- LmlaJI L_j]a # (Jjbuli]! ^aLSaj (jc. L. Lull -all ^gic- iL_LulbvII qC. li] ^jic. 

Ai^ja-a bl]il .4-al-lsbajjl Vj 4 li» >'In Vj i—LmLaJI ^-a (J-abb]l (_jSuaJ V 4_jj.}j J Ab^ja-aj 
^j\c- (j-a ^j'l^ll l gjb- ( _ s -ill <_ 5 ^^ CjbjaLuiV I (j-a 4_LaC. Ab^jla ^3j ^llaj 

^»Uai 4i^)*-a (j-a 4j .IjV 4_La (j£-aj]!j t— ImlaJI jljfri AljJ (Jjj^L (J£a tt—LmLaJI 
L_LmlaJI ^a J/abtlill (_j-a AjfLajj aSIjP] 4_»^a2kibaj 4iLa*lLa 4i^)*-a (_)i» >'In\l 

-t -liLa]l ojjj-allj 


<aj^)laj (Jja_uo]l ^alaj ^oAliLa ijjJb^jiJ! !La i\ l_)L»£]I ILa <iLa. 

LaS ^jA Lb jj atC. ^jjjl ^j l_jL£]I ^ui 3 bij iAlafr 


L_)b]l ^ (Jjibli]! ^Uaj 4_njj L_LujbaJ1 cs^ cJ-Ut-LlSl ^aUaj ^aj^i-a 

dlLLajiJI (jjj ^Lt-a]l (j-O ftjjgiaj 4uilSj tClJlii]! c_i-llb Clul£ C-lLLaxll 

l_jL]Lj ijjji-alaJI l_jLJI ^ 4'i-s/a jj j Lij-s\| ^jc. ' Lalu 4-lbJi L^^jS! 

iA^lj (J-ac. JjLaJV CllLLa*JI (j-a (jjlxj A-jiiSj CllLLaaJ! (j^ ^ n.Wi jjaiPLuJ! 

^yAj a b£ La! t^jLaJ! 4-iLJb 4LaJLt-aj 4j-a Ajla^l! Ajqj^j Pjl_j-a]l ^c. CllLiLaaJ! jlHi.! 
jlS ^_ujL]! t_iLll (jg^j W ^L^^! bia AjaL^! o^lLJ! ^aUaj 

a^abul 

^-vYi ^! (J^-^! 4 J>^-?“! .Aj^jAliall o^jSIL]! j^-aajjJ 

_jjoiljtJ! t— \\ ill ^3 ClulS (Jiit'IiM! ^aliaj 1 (_LSj L_XuibaJ! Lp® LjLa_ji*-al! 

CA£ (Jjiajli]! ^aUai ^ajb <■ (JSajj ^ l^Jaaa.j CjLLJ! (jjJj^J (_3^>ia 



bu3 4 o^jSILi] jlpLal^ L_lL<a]! (_j-aaja]! (JjLuoJ! ^allaj 
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Jji A'iMl aJa 1 ^oisLLs 


JjVi ^U]1 

aj2ujj ciiUjS-aj (hardware) ‘SpLa cisL j£a <ja uj^j j' g •> 

i4_LiLjj ,ja -LaijALa]! ojgaSaV! (_$! ta_LujbaJl Aua. (Jjaj 4jAIaJ! CjljjS-dl .(software) 
JiLolS 4 )-na^)j]' alii j£a] 1 La! .IAjjc-j tojSlAj c^lla-aj i ^jjIsa]! 

^l^luil JgAjJl (_y a (JaIj .(! g \aC. 4_^.jJj 4_iALa]! CllLjS-aJI ^ g^Vt'i ^ill ^^A) a_LujLaJ! 
j' cjj ^ ■ 'UaI'V Jl£ ^al^jj (jjAj a. Lull ~\\li jjAj a. lmba-13 4_iALa]! djLj£-al! 

jA lg Lac. 4_jiil! 4_ilc. AaLu (_£A]!j g-a!^}^! o^A ^ $.J>^a. ^>a! . AjSj ^ SjLiaJlS 

^iLlaj 

(_]jXjalj ^iaJ QjAj L*'l Util'S .1.1 

4 JVI AiL ^jj 4j£ (Ja*J! ^Js»j !Ajj g-a!^ IajA3 <■" \\ u J -a 'I CiSaj 

(jjjoi,11 ^-aSI V) a.Lml-v\l £a (JaLuj ^ ^gJLilljj t(Ajl2aj j jlLk-a! (_ja 4jjSa o^jiAu) 

L_LuilaJ! 4j !g \~vA)\ (j^ajia-all 4_aaAl^)J ^Lol) (jl£ (_ 5 ALdl ^-appd! .(jja-aii-all 

^LlUi]! 4 a1ujJ i<I lAAiilj 

L_)jkj (JJliaj (_J*jAaJ! ^g.Ak.Hj (J.-Vi'VA All (jA aj^? t_ imlaJI ^a JaI*aU 3 (jAj 

(_J*_uia]! ^aji] .L. lull *v\l £A (JaI*a]I (_g-ic- (JJaAVuijaNj (jj'NA^lA]! AC-LaJ t—LuiLaJI 
~ g ■*! ‘ iLj ^aJ 1 g \j» jAuj Ig \1 “LaL ^ajiJ alma (JjI-nAa!! allljllJj (jj-NA^JLAl! ^Ea!^ ^a!Aiullj 
(jjAjjJ (jjiJ! (jj>A^)AA]' (jA jjjUa c*H\ iA (jjfL) A3) (Jjjj 4£-_jflaA ^llil! 

.(a_ialLaal! ^a'AVni.l' 

4juLLi]!j 4ilall 4jliaJ! ^aAialLmi alii_j]! a^llA ^ a_LuiLaJ! (jlS 

.1a JJC- 4.auLaIl ^J ^jjlia !>l3 i^!^)iw^U 
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Jji t'l'nll aJa 1 ^oisLLs 



^i-v"vj L-imla. ;(1-1) (JSjJlSl 

; d3j]l lilli ^ oJ>g^S/l ClulS 

.(1-1) t4 xa-y >>i • 


al^jc-^l ii^j.Woj 4 nlij 




; djl£j 

aS^\ Ajtli l_u£j • 

A igUI <aUaJlj • 

A u>>Lijj A_ij\ .m-s dll )l.aaM ^j£) • 

_4joUa]l ^ic- ^glc- laj • 

(jjjdidall Ax jlalmJ ^ UiLui j IjJjuiC- Ij-ai t— ImbaJI £-« (J-al*Ii]l (jlfi lilli] 
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(Jj* joall <>}il 4jldj .1.2 

Jil ajLc-l ClllAjj ^»lg-a (j-« ^c-al^jJ ^.an-in (_)-a*Jl IAj 

^sJaj dljlila iAijLuJ! 4-alg-a (JfL (J-alS (J^L^I (j! 11 1 y ij ^ 

^ <ia alou] t- Lull~v\l £-a (J-aLLiii (j-a dj^)3j ^i».>.'Ili1I 

DOS lS-*- 4 J»a j*^'i JSLui lAj-alji L- fiSi ^iaj ^laj djj_jJaj aJ 

tl g x a (J-al*Ji]l j/ts >'Ii j_JS j^ajj djLjjkli (_j£d> (_^9 4_Lajjjjj (Jjidu ^Jaj ^gJ] 

. jjolIj «Ujg joi JfLj L-LmlaJI ^a daljuj JSII ^La«a! ^gJLJljj 

jlj) La (JSa .aJaill yjjjia-a]! <1 Lj jjj£ .^g >\ 4 •%jUj a.La. (Jjicua]! ^Jaj 
<Laj!iLaj ^al-lklojVl 4\g m ^Jaj 4 -njTi\1 ClulS ^Salll o^A jJjlaJ ^ (Jj-lxaJI ,^g >\1 

. ( jjA^-v‘i>M , a\l dll .l\l»~i.a\ 

i"l j v.n<-ii ^L-al^jJlj 4_pLall djLjS-a]l kc\lx^> ^k ^jVt 

ejUll (j-a ^Vln'l cJ^*-d!i3l pL»'j ^gic. l )- 4 ^' 1 <— ImLaJI oJ>g^i 

.(2-1 (J^“) ‘(jj^j^jSjLa]! ^Ic. <a]£ jS filial! ^glc. ^-la*-daji 



ilHsssIfl 



.(JjIj^g cJ-ii-u jj ^alJra.n L_Luil_^, cJ^ j “ iJ 
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J j» ^ .1.3 

V) LlSjlij i_i >m 1 ~\\1 ^ILai La3_ic- al^)j l 5-^^ ^c-ali^ill LlL J?»-d2l ^»Uaj 
p 'lVi mJ3 a3jlj-a ^ J-au ji3i] L- Lml ~v\l ^Jc. i"n"n (Jjl J&J .43^tc-j 3i& 

JfL U3UI CjUj£a]I JaUJI ^ 4 i£aj (user interface) ^?-'j 

.j-^j 

[^^A 4 umii jll Ji« .'Ini' ^»l_laj t_al3&S .1.3.1 




jt (."iVqnfil juili 


.(convenient) ^l^aJLai^U UL!>Lj Apulia 4iij j^ijj • 
.(efficient) J2dj J**j ^j ^(_£jj-a2l ojliial'^l • 

\ ^Uai U-SU^jxj ^^yl .1.3.2 

:(resources) ■o'j^' 

i4juUaj 4-dL.u j ^ilLLall Us._j] qa 4j 3UI Cl)Lj < s.a\l Ja3ll] t—lujLaJI 3j_p 

.4_jLoi Laj l_Uj]I ClilaJu-aj CllliLall ilAjiC-j 

:(user interface) 

4^^lj (J!2a. ^ja L-lull3jl^aj 4_iinJai]l ^-“Ij^l £-« ~ ’'Vnu.all JaLtii 

j <^.'j j 2 jj J »- 2 u ]l ^JSaj ^]a*-a3 .(user interface) 
ojajUl LIjJI cjLjLVI Jll dip. ‘(graphical user interface (GUI)) 

.^LkilL 

^c-al^W 3iijj 

t^LLualL Ig \j»> mJj ajSliil ^ ^AaJiuiJl ^c-al^jj JusaClJ Jucui]l ^Uaj ^»j3J 

33*j) 3^lj Cll3j ^^3 ^c-aL^jJ qa Ji£l Jlialiiij Jpao 4ii)3aJI JjcuJI < jili» a ^)3jJj 

.(^c-a! ^>21 

; jA 3 jljiJI a jLL Jjj^aLail 

3*j (free) °<2i ‘4_2kj ^Jl ^Lj21 (allocate) • 

.(jjiI ^t-al^jj 4 _la 3 iilui 2 42 a.LJj 4 _La 

^clla-all (jlS 12 !i 2 La ;^_g j..as\l a 2 Vi. mV I 4 _La a 3 lilmVlj aalifL 3 j )^/ 2 I ^l 3 a 2 ml • 

33) j’EjibLall 4^._jl (j a Uajla-a ^-aL^jil! l3& ^LaJj t(ji*-a ^-aL^)J ^^3 3ii) 

^3 t^^clLtJI Atju j ^a 4 _jjliLa ^pa 2 L (Jpl li 3 j ■Lajla-all 

^p.1 3iil) ^2Lt-a]l ^ja e^lilmVL Jja-ulill ^Uai 4jlaJI aJA 

(_j A 2, Sun I 33 Ji»>mMI ^Uaj (jj2j La i^jilLall ^JA Usjia-ail (J-a!) LaiLlj 

.ajoajl a 3 A <^3 ^Lla-all 
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jA ^laI^jJI (JjiCulllI ^Uaj £_LaJ ;.j)lj-a]l (Jc*JI • 

aXa\ l^all'v'nu'j 

a^Vi ^c-aL^)^ (_]■!»■ Cadi ^Uaj .1.3.3 

lA-lliili AaIaC. jjAjj (Jj»->.tu]t ^Uai ^ Vtj 

1 g >>>* \ jc- ^^-ai^jLi LlLaaj L-ImlaJI Cjlj-aJ Cjoija jjiJI ^'.'iVu« > lM L-liajj e-i Ivs^i 

.(_))» CCill ^Llaj jC-j (j^aajJI 

? (JjxjoliII ^aUaj La .1.4 

(JiLa ^laI^jJI j-a jJjSiJI “UtA jj^j (J-jxdliJl ^Uaj Clymi CIiaS I j] 

j-a jji&Jij SjSiallj jaluijllj t(media player) -LjUajJI <J*JiAj tdujSjVI ^^^ > 'i -a 
^VLmaU ?(JjxCu1i]I ^Uaj jA $. ja. £yal^)JI oCA mj (Ja i^c-aljJ! (_j-a Ia jjc- j L-lladVI 

;<_] jiiS 1 ia\o Lai . J ^jtl jCbdl 

tfl^CuLlA AjCLail CIiLj^aII jjAjj JaIxIL) (_£jl]l f-jaJi _jA (Jj3LdH]l ^Oaj jl 

jc. C5 i*iLuj V Ln£i tajjilfA Igjua (JaUHj V j IaI^ V (kernel) elj^l 

\ g » a (J-aLtlj (^gliii dllg^l jllj ^-ai^^i A_j£j t_L*-Cuj i_LUa ^^A < _gClii tgliLala. 

jA A_iAjjoi^)]l A^_alj]lj i _SLal*.!! JjuZli! filial i _(_jja*_lil 

.^Usuil ^AalLuL 

C-bailaJl d laj Cliljj£-a .1.5 

tA ;\Ajj CllLijfLa j kjCLail CllljjkA jc. ajLic- _jA (L-LuilaJI ji) L_LuilaJI ^llaj 

l^jliVi ^i jCl ojj^aJ Cjljj£a]l sCA (Jjj^aSJ jSuaJ 


.(computer hardware) LjcUJI l^UJI cjLjla • 


.(kernel) »'j^' • 

.(operating system interfaces) cL*-*^' clI^I j • 
.(applications) ^"^ a I I cjULLaj • 


.(user) (* -^Laa3 1 • 
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Jji t'inll aJai ^oisLLs 


4-PIaJ 1 dlij^Ail .1.5.1 


(j-ajal! (Jja (jjjpj oJ>g_a.l t4_u.iLlJj oj£lj 4jii5l jl ^dla-a (_jA L- Lull ~s\l (jjSlu 

.1 g da ) £A ojlA (Jj JSIjj 4^ j^j ojy.a.1 ci-jlk-all 


M' .1.5.2 


4 _lod J plj>a.l dtlAi. (_gjj ajallli J .4dLa]l L- Lull-v\l dljjfiA ol jj]| JJ.li 


.4 \l jj.1a (_g.At.Mj ^dla-dl ojlj] (jc. J j!uaa oj^a. 


.Oj£li]l JJ.Aa (-AmmJ 4 luUJ^]| 0^)Sli]l (jC- (JjImjaA f-J>2 




.oj^a.^1 jjAa (_g^ajoij ^^aJIj (_Ja.A]l oj^a.1 ojIa] (jc. (JjIuia oJ> a. • 

.dlALdl JJAa (_g.AMl.Uj (jjjallll oj^cj (jc- (JjImMA 0-J>a. • 


.45um\I jjAa (_g.AiMi.ij 45_n«\l £A (jAlalill (jc. (JjJjjia o-^ja. • 
.^Ijja^l oAA (jA p ja (_J5 Jmc (jc- (Jj-afiA l_iLj dill iA (jj5j m m 

Jj*Jmj]I ^Uaj dlga.j . 1.5.3 

d5lj m 5\1 jA j /oljjJI ^a _JI -di\H 4jlajjlajj ^A^ImmaU (diadjil ^Uai d'Ig >'j j3jj 

](_gA 2]* am ill ^UaJ dll g>lj (jA ^-Ijjl 

.(GUI) 4_iajai^)1I W’umaII 4^_al j • 

.(command line interpreter) jaIjV' ^jIa jl (shell) <-s5liJI • 
.(system call interface) f'-^l *'Aj <&alj • 


4aajjoi jll W'umaII 4g al j .1.5.3.1 


ASljlilj ^jl jailj dlijilVI _JJC- ojdllA 1 g a a (jAlauj da (_£j 2 mua (_gJcl _jfiaj 

^llai £A (jAlauilu ^AaLuiAl] ^ammI) 4^alj]l oAA .M_ i'|5a\I ^Jajjj (_glc lAAALdj (__gCl5l 
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J]i t'l'iMl aJa 1 ^oisLLs 


j-ai i._ l\L» ~4->.‘until l^ili’i.ni 5LLa3 i4-aj5Laj 4 \g mi (JjaMujll 

X-WilldOW J ‘ jj-^j c_Jj£ua}l ^Jam CllL^alj 4Hai 

IL& JJJ3U V .ol_jil! ^jgj Vj ^aI*J V (_g jlm-all IL& 

(_^-a aAajjgjall (j5.a)\ i_(jjSja j&, (_Jj (_Jji.ua]! ^Llai (_j-a 

_(_J.)i.t'j~J! ^Llaj £-a J-aUjJ! 

j-ljVl ji ^dd! .1.5.3.2 

^)-a!j! 4 j1jS (J^la. (jja ojjoiIja oljj]! ^-a (JjsLxjJL) (^)jjaJI) ^AaJLujall ^jujJ 

a-lajjajail 4 ^ -n. !^ (_^ jjjuja ^3 j j ~ i jf i t4_u-saj 

CllLa-laJI i.. )U-a\ ^Uaill p.lAj 4^jalj >■" \\ q.nLa'il! a-lalmJ Cllltj]! (_gjlm>a]l ^ 

.(Jii un\! ^»Uaj Ia^)3jj 

System call fdid! «.hj .1.5.3.3 

(_g.At.MJ La ^.lalLmJ (_]j3lajj]I ^Uaj (_^a 4 na <a 4-a^la. ^.lajjujall Cllalia.! lil 

JjajsjLj IgJ ^^Atjja jjt ^. 'iVum a I I ^ca!jj jV lilSi .(system call) fJ-laill a.l:L 

o^j .lilli (_J*3 aj W;. mj ^11 (JjJuJmjSI ^Uaj a I Lajlj t4_pLa]l CjUj^aIS jjuiLuJI 

(j-«j 4 1 \q^t-aljjll (j-a IfrJjLaa .j 4j^Lal! Ci)ljj5.a\' 4-a!iLui jtnai 4A)^)Ja]! 

ClsLjjSLa]! ^a JaUjII ~4-n.*u. it'll (.''llqnla’i (j>»».1 ^IWi LLial .l^J ^gJalaJ! 

^j&Lui cojjuoLLa 4_pLall Cll_)j5.a\\ (Jj*-a_j]l ^jJajjoj ^ CllqnlViH oi& J ‘^-pLail 

(_^^Lall (_jj)5o\! (_ya Ajjj (_gj]l CllLajia-alLj l&.laj] (JjsujjI! ^llaj (_gjl i. l\Li (JLoiJj 

_^yi*-a]l 


— s? ~ •• \ ^ ~*» ■• -> ^ — 

_l^j (_^ala ^Llaj plAj 4-a.Aa, (_J^J AajJ Cina. .L. UuLLal! ^Haill <d.Aj (_]£Lj (_g3 c_jiLd! ^»JJ 

^Uaj f.lc.jiuil JSlj .(kernel mode) ^ ^Lkj]! al^j Ljad ^jj 

lalll atc-^Lujl _jA La (JiitaMI j»Llaj ( _^^>*2 fl!_jjll (_gJj ^^>11 ILa (Jjoijj _4j Jajj^a 

4jjSa (jjjjj (_gC-.lLujJ 4uijiaJI (_gi _j^3 I^A ^JlaJLujall (Jj^m^jj LaJuc. .L-ijlLudl 
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Jji t'l'iMl aJa 1 ^oisLLs 


(issues a trap) <*Jalia ‘(library routine) 

.(4_ii*-a i a ^ ^lAaJimlj) 4jl_ila*-aj e-lc.-iLuj'^l ^»3 j jj-aj 

ClulS Ijj jj^ui-a jiC- ^^aJiuLal] (JjujjJj (jjjj^)]l .llAlu oljjl! ^j 3 J 

<ilc-JiLai! (JiLa (_£^)^.i (Jxiijlijj i(lgijj)aj ^) ; i\\ll SjjjS 

.0jSlilj U ,* 1 ^ ^ copy_to_user uA?J' 

l\ (_Jj*_uu]l alaj ^^3 o^)j)g ^iLlalll djIf-lAj a 

open, read, write, close, wait, exec, fork, exit, kill 

^^3 ^liLa CllkljU (_j-a JjIa ^ ^^ic- L(J-Julu]! ^aJaj .a 

.^Ikj *.l:u 330 yd'j^ FreeBSD ‘^Lki 319 o^nl 

o^j^.j-aJI ^Uaill allkl-li (jc- t alliikj J&j ?XP cs^ ^llau a-lc-^lujl 

flkill jSoi ^(Windows 2000 j Vista J^>) l$ j^-Vl ^ cJ 1 

? jj-^j cs -3 


,,a’1 e. j-vt j 


^£u:i 


>Uall f-ti <■ j 




‘LijLall *jUj£aII 


\ 


JjjLuuII >ll^d wlfiJ J 


/ 


U>tiL^-11 ^LlaJ clAj^^o ;(3-l) 
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Jji t'l'iMl aJa 1 ^oisLLs 


.1.6 

(JatS ^jic. (JjicuLi]! ^Uaj J)£jJj -Lnj ^)3jJ l)^*-4u]' ^Jaj 

^c-alj^)!] ^-ajaiJ ^Uaj q\S, LaJ-iii .t- U«1 ~s\l Ojlj-a (^pa a^iilmVI AlJjj aplA5aJ 

(_^a jli5i Alijj (Ji» >Tn\l j»Llaj ^aC-.li9 ^jVI Lai 4j.li-^i ^^aaoj liAj (_J-a*JLj Aa.lj 

_Aa.ij Cll3j { ^h ^c-ai-j^ 


^al g a \I JLzs»J A i js) .J_.0.1 

^aJJ t^JLajSI .iaj ^aJ teAiajjj A^lj ^c-aL^y (Jxa^J jA (J^a-un]! ^aliaj jjO (jlS 

.Ij&A j to^jjjjj ji.i (JxaaL 

I^A lI^JJ (JS A^lj (J-oaJ 4iV j& jjc. (Jjaullill ^aUaj ^).m i 

<a.Ha -ijij-a tlllliA (jj^j J3 IjlA (_} ac - (jl ^j J-a*-J 

t _3^)»Li.aJ 1 a>ijj _2Lalj j )i]l ILa (_5jjui ajSiiib ^ 4jV l$-la JuilmjV liiSJ 

t LLull-*>11 «.lol ^jic. jJjJ La-a ijjjuaallj (jjjJ liSj ^c-aL j )i]l (JoxaaL 


•laJj ^t-alj^jj .laajJ *•"')**> t^ai g >a]l ->3a j jj]l i^A ^ajoiJ 

.(5-1) J^au t(J4*alLLl]l ^allaj A3 Laia'^lj ajSliilj 


Operating 

System 


User 

Program 

Memory 


(JjXjjjall ^Liaj ( _ 5 i i&^)£li]l cj^au :(4-l) (J£aal 
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Jji t'l'iMl aJa 1 ^aAlLa 


(multiprogramming) <7-®'_>2' 1.6.2 

(J^~s i Cilia. 4jJ>a-a]! cP 1 CCc. (Jii-mlll ^Uai d-al*l) liA 

^c-al^jJI oCA Ca.i Cialil (JiiCulJ! ^Uai ICll .(5-1 J^Ci) SjSlillj oCA (j-a aj)a. 

(JliCioj ^allai tt— Ilia l 5^ Cliilil (_jc- ^c-ali^lll ICA (_aS_jJ Ic] .^cJla-all 

o\ ilat 'N j £tllx-a]| (j-aj (_^a ll Calm I C3 (jjSi li^lall oC^J .gllx-all ^ ^)a.l ^4-3^}! 
d) ) ojSIcJIj joalijj (j-a ^)l5i C_ja.j <a-a^)l]l CC*j (_j-a (jla^jiJli _Cl3j]l ^li»,.a V_j*Ha 

_)Ala. l^lc ^la-all Caj 


Operating 

System 


Jobl 


Job 2 


Job 3 


Job 4 


CCala J ut Call ^Llaj ^a o^j^lclt ;(5 _ 1) 4^-“ 

(Time-sharing) J^' ^jULl! .1.6.3 

dliCj ^1^-aJI (j-a CaCaJI 1-aCaj ^4la-a]l ^»jai C.Wil ^yLlala jl^jdiml ^_^A 

A£.^jjau ^Ig^aJI (jll ^4la-a]l Jailjj i^la-al! (Ja,lc sjlaaJ 4_ilaJ) ojlia 4-a^-a (J£ a-UaC-ll 
.lACa,_j] ^cila-a]! ^CaJimj l^jlSj (J-a*l) 4-a^-a JS (j! 4^jC] ICa. 1-Jlc. 

(_^^)a.i 4 a \ JliliVI (j^aj c^^>a. J cJ^-^ 4 ;lac. jlYt Vi (jl <da^-a Cliallal Ic) 

_^]la-a]l dpaj>i Caa. (JVlalm! ^Ualil t— lm£j Imna 

J^a .1.6.4 

(_5_ji-a3 o Claim I l^la odVni.iV I CllCjlj o^)aj ojLlm tllllLaJ ClliS Ic) 

(jCl .(ojlnjJI oCllS) J-aaJI JJC- L^^jaj j»lg-aJ ^jalmj (_)5llmj ^llim dliV i£-llalmJ (_jis 
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t'liMl ->h i ^aAlLa 


(JjijaLill ^Jaj <±uo I 1 a c(idle) 


jjc. sjUjoJI I^jS jjSij dliiji tilll lA (jjSjjui 

.^Ig-aJI 4 j^L^I 


jLilLj ilgdLii L_SjLlill ^g 'i4.aj^ tVlxa (joal -v >'Iii dVL] ajLld! dulS lil Lai 
(j<-tv>Vi tilll 1 a .£■ ji*oiVL ^Li 7 ^_j4L ^-c-Lui 24 ojLluJI jl jSoaj 

(j^Lui VlLa JSL jl ji ^LijJ jl ^HaJ La Ijj ajLldl o^LlSJ dVliill jaa 

I.AgJi c((_£jU dLaljllj (ji 4_iJl] (JjoJ (jl cjAlad! (jad-aill) l^dliib dVlli]! joa jad 

.g-al j4l 4_id 

4 iiat«a 4_ala j a ji3 (j^idoi J£] (ji ldA^,j t(jqal ~s jgii d_)7A!l5 ajLld! dul£ lil Lai 
SjUJI JjVI (J^tL >m\I JijijjuiS ta^)Li>.2l Igjs .3 jib (uLL dVL j^aS. JS1 Vila) 
oj-a idlx-Lai dVL dbLbl fj (_£je.i die Lai dVlli ^ cs-ij^' dleLui dTHll 

4_id ILa \ g j4ILa jjj ajLlqjJ! Jdloil joaj ^>.aVl iljlSiAj t dlc-Lui dVlli (JjVI (JjiJ 

.(_])».anil pL»i ^ ^Lajll jOjoiflli]! 


£ea!j2l Ijg nln (j.-al S. t j dVUillj L-LailaJI A^J' 4 ji ^dlx-all ojLluJ! (JlLal) C ii~s 

.3jl joa]l oLa ^alAdl-ail ^3 ibljLoUJ ^lill 

ajgji.Vlj ■diaj'il <_a7>LL=aLj a flllid t(Jj»a.'Ia]' ^laj joa jLiSJ! i4lliA 

ajI-^V adJhoiJ La Igdaj ^ 0 - 1^1 >w .laJj jlg^. ejl^V adJLoiJ La lg_La3 4(jJaljC.VIj 
ajI-^V ^.iVim 1 Igdaj 4_ij£ 1 • ®ji^V ^dduil La Ig Laj 1 " ll Ul» .all a3.3xILa ej&^i 

I^LiSl 1 ill ~v 4qadjuuill a jig all I (Jjaadl! j-a .^dl... <Ladaa ajg^i 


jjdj ^aJdlLaiJ dlfuilaJI (j-a 4 -Jlc- 4 _id :(windows) J)j- 4 jj d 3 ^aijjSea • 

a-lc- Lgd .Lgjea 4 _a 3 ljILaJI dL^Jl*-a]!j Jdj dl (_s-ie (J-a*j 

t( 4 j ejJaalljiJI ^3 d) l~i tMj 3 Jjdjjj XP cJ 4 La i^c_d 
cs-2 ^did (^Ul 2000 jj^jj advanced server jj^jj <Jl>j 

.(servers) 

Ken j Dennis Ritchie 1974 ^ : (UNIX) • 

d^JI <jl£ .AT & T Bell lUI*^ jVdu Ul£ Id Thompson 
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t'liMl ->h i ^oisLLs 


.1980 Ac- dijaAl Cl)l ».al -y \l jCulii! .(JlilLaj jjju-a UiiCul] 

Lai' ^jujj 


V Unix o 
BSD o 

high level ) ^Alc. a*L UalSJli <■ - nSj (J-ia-cii ^Uai <Jji ^aj 

C 4AL s-iji&a j^i t (language 


JjC ^ jCCijj ^jUll (jajl&La (JjI oj^ai (jSc. ;(Mac) (>ijiu£L# • 

CliAal ..i j iSjfi ^ j L ill j Ac-Lilal! 

C'llg -yl^' ^c-A) (_!■)*. Cal ^aJai (Jjl (_jlS Cilia. ^Uaill IjlA (ja L_£iSaJI 

y —iifLa ^ La *.; ^glc- Clllijil^lj 4_iajjai j )]l 

(jlc- (Jaanl C~ (jjjSii (_ja oj» ..-a a 4 -y >«i ;(Linux) (j mS n\ Clll*jjjj • 

o^iCall (Jj.l*j ^J-4 L "P jAaara]! ^jliixs jAj t4 u.-vyCa\l dllfmlaJI 

jliijij! 4jujjj U j^ClIj l^iCa.1 dlL*jjjj]l Clilia l^ia .Aajij _ ^jjjlil! oCl&jj 
. (Uijjd! 4jtill IgjS Lai) 4jlli£j 4^alj ^JlaJI dllxl (J£ ^c-Sl 


c_i^jjuii_aji a ^ ii >i ^i^ji . 1.8 

<. illicj (hardwrae) “LjcLa cislijfLa ^c. ojLc. j& l. imlaJI ^Uai 

<c-^)jai]l P JAUJ idlAxu-a \g \-yi (_j-a ( _pal j )C.'^l i_a2iLllia.Lj L_>jjuilaJ! 4alVii 

-t5 Jj LalS jla<alia.lj \g 1C- Cll-laLim tJSCallj ^aaallj 
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Jjj i'inll ala 1 ^i2slia 


Mainframe Systems CaluaUJI .1.8.1 

a^c. 4_j -l^lj j£ja L_ljii.il \ jl^_a. jC- ojliC- AijSjall i" llimlall 

,jc. sjUc. ciiUiijiall oIa ‘(dump terminal) c-l^*!' cisLajlall C5 -«u jii ciiLajla 

L-Lmlall aj£ljj ^cllsta lailj £ell*-a jl ojSli jail 4^-i)lia <a.jlj AaiiLLii 

.lS 

tilll ig3 t^^iajll ^nuVill ^glc- ‘"''‘ I' ja jill li& dj«julij Aalaii j£ji 
L- ll Jjlj^i ja (_gjt.-»qll fl^lflluiVI jj.l]jJ ClAiiljlaJ jiL^lla ji£ jja.'lVni.ia 
ja ^11 li& ka-^al j jSjall jl^all ajljl jiiaaill ^Uai ^glc- ^gllallij j j£ja 

^jia^j i(Ajjli) ja <_J51) £Jjaa ^AiJLaa (_|£1 AilVuu^l jaj jjfli jia-laiLmall 

.oAa.jl 4_aAaj j jSjall jl g 11 jl ^.laiLuia <j£ ja-vaJ 

A n^i~s all (.“il n>il -vll .1.8.2 

1 i/l'i i« ^.likjj ^jjlLa <a.jlj AailLaj Jl2wlj ^clljLaJ jj5L) Lille- il ll jjull ~V ^^A 

. I.l2kl J 

^c-jj A^lj ^.'I'Vnua AaJla. Ll ll iuilaJI ja £-ljill li& jiiaai A ala 'll j£ji 

1 ..A^lj lIiSj ^LalijJ ja ji£l jiiaai ^AaJaaall jjJaiaaj i" n~s.j ^caljill Jl^btj 

4jt_)j*a 4jlaJiuil j ^.‘'iVui.iall Aallila 4iuj jiSjJ ^^le- jl» i'nll ^lai ja jill I^A t _S-l^-l 

.^•AiiLaall Clilillal 

t jj.iS‘nl i jajii£la ilLLaiS jjAilj ‘XP cjiiaiil! ^Uai £-jill ' j 1 -dial 

Single user Multi-) ^4-d' j ^^laa ^ ^jill 11 a .FreeBSD j 

(task 

Disk Operating ) jaj-i (_£-* 4 j.-i-n>m 1 I Cillimlall A aj.Vqll JiiuaiJ ^lai lal 
l>^ ^ali jj ja Ji£l liAii ^ ^ ‘<^ajill ^si V .(System (DOS) 

.((Single user Single task) j ^ ^~n M a I 4 J& jllajj oiiajll 
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J]a dill ala 1 ^oisLLs 


(Multiprocessor) ^ Sdixla S j$-?.VI .1.8.3 

La^-a .laJ^jll ^clla-all Ac-^jjoi dli~sj 4i]lc- 4c.jjai (j^ia.i 

(." il -y31a a o4c ^3j ^l^-all -llili] ^clla-a (j^a j!i£l jA Jail idjxL 

.(multiprocessor) djlaJUJI Ui ^.1 j <jjjdu-a 

;4jlj di1-N.Ha ^11 JJaj 

■S^jl^a 4_iSJ djLaJla-all dljLuijj d n~s) 4 -alVAlj 4jjULa 4^1SjJI (Jjls • 

_^oAa.lj ^S/l <La._ji]lj 4£j!Lda ojSlAlli i jl^all 

^ 4_il^.\ a 5\ Jaljil! d>1 -n \1 a.all ^AaJLuj 121x3 i4lils jL-alAI 4il5Lj (jV) • 

. ^CllLa_jla-aII (jAu 

.I^jS dljldjj d'\-y\1a,a\l (JSa i4Sjld-a ojSli ^AiCL-oJ 4j^ la-lmJ • 

.diballx.all (jJiaaj dl\)-»a~i 4jjl^)dLuAI 4jjl^a] ;4_pLalicAI o2-)J) • 

^Uii ^dla-all (multi-COre) Slj2l S-S-ixiLa djlaJla-all d)1i CllbLuiall di-vn.->l 
JJs 4 juj i jSjlaj a jJdia t(quad core) sij2l ^Ijj j (dual core) sij2l 

-i-lxll )-»n.n.a (JllLa oljjll o-13x2a dlA \1 a oil _jna‘i .^dta-all 4j-3laJ djl±mLaJI Ja_a (Jadui 

.djlallxall 

d )\ jjoilaJlj d '1 -y \1 a .all jxjoi (jialiajl ^A dlLallxall -3-3aj jj^Ja ^ i-_l null 

A n ^->4. loII 

;LaA ^^11 ^mVn ^sJaill ^ya £-_j 2I I^A jj-li ^^21 (Jja-d2l ^Jaj 

Symmetric multiprocessing (SMP) djlaJlxail .1.8.3.1 

ojlA (Jj^allJj c4L*aiLa 4 ,ag a ^dla-a (_]£ Jliijj 4jjLai2a d tl •>. 11 a .all liA 

.4a.lall .Vic. (j>ia 31 1 g >^ia j ( a-a dlA 11 a.all 

Asymmetric multiprocessor jjc- djUJUJI .1.8.3.2 
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Jji 4'nll aJa 1 ^oisLLs 


4jL Laic 4_iuUJj 4 aq .a -iiujj ^Uaill ^gi ^Vij .la! j ^gjuUJj £tll*-a 4a jj 

ojjjSII 4-a^-all ^ajoiaj ,33 j^3 t ( _ 3 ->.i.uj^)]l ^llx-al! LlA 4 j IAj>»L] La 4a V* dllall*-al! 

..lisujll .1 *j ^ullill £-aaj ^«j dll all».a\l 4 j<L ^gic- l$C. jjJ a j i»a.lj>al 

4c. j^-all 4 ,a)VlS/' .1.8.4 

j! 4jjj3 (jj^J 43 djlfuilall a4A tdlLjoila a 4c. ^gJ) 4 S wall j ^ c . <_1a*J 1 £jjjj 
43 j .4j 4 -y 11 4j3^)lall 4jJ)£aij 4j_a j )3j i4jj£li t4 a \\ x a 4j.ll a. 1ml JSj t 'i,\)x) 
.Ia jj4j ( _5L51 (_iaijuLi]! ^Jajj 4j4Lall Cilljj < l.al' ^gi 4 iil ju aj^aLM e4A (jj£j 


ll jcill 


^gi dl^Liioll 

.4jivi]l 4c. jjai a4lj j 


.(load balancing) diUjlall a4A jjj J^aJ! ^jjj 


;c_jjjxll 

.JSS 1~>\ 11 ^141 ^glc- jjjJ 43 Jail I pl^ai (jjj (_j-aj • 

(Clustered Systems) S j^-Vl . 1 . 8.5 

1 ^a 4L-alLallj .lalj (jl£js ^gi a-laljlLall a J>6^' (_j-a 4c.j-a>-a ^gA 
alaj j 4j4Lall CllLjjSuall ^gJ 4^jLuilLa La LiLc-j 4 jujjuj 4_ila-a aSlUmJ (j3-»nll 

t. lL.^> (j«aji j .lalj jlga. dill lA (jj£j 43) (jjJpjll ^gi dljLuJj .IAjj4l 1 ^gjll djidoll 
^>.La.) Lina. jjj£ C1i3j ^Liaj ^glillj 4-aa^4all 4j3nl ^.lalLjj .(l^Lla <jj4j 4_jiillj 

pL.'ll jjjj Jj^all ,(6-1) l&SH ij^aajll $.lj>ai c 5 ^ 4ajj ej)»j.^i <ilj)ai J! 

.^giljiaJl .lajllj aJ)£aVl (gi (jjLull 4juaja-all CllljuiLallj 4c. j_jAll 
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Jji CiMl aJa 1 ^aAlU 



.»-'(6-1) ^j JUi 

(Real-time) c>® . 1 . 8.6 

;(Jla ^>SVi oj^aJ o^_^j-a L- lUu'jat. ^^A 

_CjIjLlui]I ^ j.aVi oj^aJ • 

.i"i1 jSI • 

j)l jjJa]l 4 Uo • 

.^cjj'• 

.(7-1) J^JUI c ?2 US ‘(Robotics) c^VI jluVI • 

ajj (jl AjV Clua. i^jUj Juij oilA <J!U jjU (JjUaill ^Jaj (■ ’l..-Vn 

113 j (jja-a CliSj ja_L) (jl i t l\] Jajj^a AiiHll jV CoHAa-a 4_iUj 0^)13 AiiUll 

_4J J),wUl ui& ^.ViU jl C1j3j Uaj (jl U <■ <a Vi ^ t_ llUi 
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(J)* ^)Vl 



lJjLioliSV ^a-l^lLujI ^ 1 \ ^jLialjl cJ^* *' 


(hand held) Aaaill S j$-=>NI .1.8.7 

li& (j-aj *~ l| ^'" cs^ j( *•. ')>" <_ 5 ^ (J.aVi La LJlc- a j i at..o aj)g_ 2 k.^/l aL& 

IcsjVL 1 —L-aLij ^(pocket PC) -Cmdl j' (hand held) kjaill sj^VL l^i^j 


a^jSIL • 

^dl*-a • 

/jjJua kdld • 

- (Jj»-Jl 13I o^jAi-a 4_ljUaJ • 

I-mate, Nokia E95, Toshiba e750 W 

jj \1 j dlljl~sxa\l ^c-Al ajg^Vt (j-a 1-igJ JiatjuLl]l ^aUaj 

LaS .djJjjhllj A-j£lmLUl ^)JC. aj)g-^'^l £-a CllLLnll (J^Liij ^g-aS^I 

ajiat >^»\l ellLiuLuill ^a J/alatlillj ikjjLLull ^^Ic- ^JaSLa^dl ^ic- liA d)at >«MI j»Llaj <_a.ta ' 

^1, iVLiN 4-^LaJt (jj^ Jkjui j-alj^M £-a (J-aLtlll 4 \g >« Jj^lLa jjSjJj 

■a> J> > _j* 1 ..o lgj«-a (J-al*Ii]l (jjfL) 

(_j-a (La (J-aaj (_JjA_i1lli]I ^iail 4l!Lai 
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Jji t'l'iMl aJa 1 ^oisLLs 



.Lsti*- s^La. :(8-l) j 

(Emedded Systems) 4, ''uu>»*l ' .1.8.8 


La Lille-j i'o-A^lj 4jLlla^J ^jilil i" t4 n»,a (_yal^)C-l dili diLuala. ^^A 

i(_L)jj£jLall tajLlxull tyjJ jalill (JiLa fLLaC. jl^-2>. t_ldl.S 4 i<i>w JjSi 

,1a ji&j ‘DVD ‘JA' ‘(routers) ‘MP3 <_ALa 

.4 i-aS'vl (_]LaC-i ^Llai ^^Ic- (_gjfiVl dllJjbul*y 11 oLa (_pa*J 


o-Aj-la. 4iLdaJ ^ fijid^l U ^-Lada-allj 4 _iA 5L1I djlimlaJI (jiJ JjAH 

,4£jdll (_j-« ROM sA Jp^ AA yA csA 4 I 4 JI 
(Smart card Systems) <^1^1 CjlaLkill “uAdi .1.8.9 


4J15^jj 4yjLaiiVi 4jUaill ^vvy-j 4 jV~L m A dijA ^^A 4ySLll diUUaill 

^ic. aj-iall dlllLai l^jl (^jLsu ILa j idiLajist-all 4^JLt-a oj^all 1^1 oji*_a«a 4-LjJ-^H 
oLa 4nu>H diLia-a^plI J^li. (j-a l^laJLt-aj ddLk-lall jl diliLnll (JliSlml 

4 q\l-y^ yjilLuji -idii ^jjjSII (JjjaL 4iUaj 4iUaill ollA tilllLaJ _4_aj^Li]! 

^jic- L_Sj*ill c(9-l ^3j y]£d) (ji-aiill t4yiLaii] 4iLlaiS ( ^jjjiSl'^l ^3-ill yJlLa 

.^l^-all ^ja lAjifr j (4 u^i-y dll 4jsllaill (J.!/) 4 u^ry dll 
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dj» t'liMl ->h i ^oisLLs 


^liaj d! 4iLCa'l/l-J CjULuII 4 ■% \\ x a ^ lAuu'i 4_i£dl 4jjl 3a .ill 4^jjjuj 

d 4j£dl 45UaJI jCTi'n . ICa. ji»■■-» ^n»j ^a^-adl (Jat-uliSI 

.ISjjd Ia jLulu! (j^a IjjjI 



Server Systems cjLaAdl 4_ddii .1.8.10 

.^SumII ^ 4_iLJ ClLaCa. jjSjj] aCaHmJ 4 jj3j Aju^jajj od^-d ^gA 

‘Windows Advanced Server ®j$=AM ^ ^U. dAdi ^ dUliA 
4^12) ciiLaAi-d! l^j a <i^'i'i 4 jL^j *a) ^Jaill o^a ac.^2 c'n-\ .Unbuntu Server 

i_u^]| ^.'i~N,a !il!La . Cdj Cll3j ^^3 ia 3.3c- ^)j£l 4-a.ii.j d^dCLuidl (jjj 4j£jL-Ca3l 


.^ilj-dl ^ cij^aj j (_>« ^ jjjS ccd (web server) 

£-_jl JS Sjl^j (_j-a cA JSildl ^3 4£-^jIL<s o^lc-S 4 ,a3aiSd 

.4 .ala iVI oiA (—allllid-j diijuu ^Uaj a-llj ^ya i—aCgJI i. dlaj ^IjJLjj .4 q\'i~v.a 4ij^)laj 


.1.9 

d r - lfrd.lalLml (jlS did d?*-CCi ^daj jjc- (j-a Clll±uiLaJI Cllicj dil 

llL-aj (ji d) ^c-al^jJlj 4-}CLa]l ClilljSidl 4£.l_L-a Cljjd 3 - 1 ^aJ t^jj.^ii'v<a\l .all 

. jjjjJj 4ljg ..i d^J i—luilaJI d-dalill (j-a L^Clc- (_jS^ djj’-Cln la 1 1 

(jC- 4 iq-v,a o-iSladl 4-pLall CIiIJjSlaII d.)“A Vi d*-^ d)* Cad I dal ^3 ^jla’lll 

Cljl]\ajj £-a (Jdjuj ^AalLmdli t4 uAd^l dVI ^-aujj LajS dilaidaill (jc. j ^CalLoidl 

j»Ual dllflda ^jSJ Lallj t^alCalLaVI 4 \g m 4 jjj d 1L. 1ml-vll Igjldj dA^dl ^Ual (J^d 
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Jji I'inll ->h i ^oisLLs 


o^A niwitl L5^y U UJ^ AjjLaJI djLjjfLall £-a (J-al*j]lj Jlist-all <_J-a*Jlj (Ji» 

iC l«i/i 1 g \-^l (j-a !^il\ (jJal^)C-Vlj p (jjLliJI _l^J ^>*ig j jl (_)jn-j\ alill 

l—Lmllili ‘p>j L^J (JjjtjuU ^Jaj ilgJ C** \AAi.S* ^gj]l (Jjjuaull ^Jaj (jjliJ dl^j 

_^_glLa]l ojj^jj 4jt-a 
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Jji t'l'iMl aJa 1 ^oisLLs 


. 1.10 

(4 ~v 4_jla.l jliS! tillli& (jj^j jii) 4 ~v ,->\l 4jl^VI jlii.i 
;l^La 4_wujj f\ j^i 5 (^j ^»Uij aljj f>>«Vn 

4.LL11I ^jj»la • 


( 1 ) .»• 

,L_lLa]l (j^a^>a]l jjAa • 

;(Jj*juli]I ^llaj i"llg y\j 4-^Jj jm) (jill La 
i_nSLa]l ^Ll■ ,i • 
^i^alLall • 

(1) ^Uaill pljL 4_g_a.l j • 

. La^ c-^gAji V • 

; ^c-al^jJI (_5^La.l ^LSail (JllLa 

(1) DOS • 

XP jjLyj • 

ij^nl • 

LJLa • 
(Jlat.'IiMI aJaj a 
(jjSjjj • 
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Jji t'l'iMl aJa 1 ^oisLLs 


( 1 ) 

Jjj La-a f-^gjui V 
;4jb i." ll \\ x ,a\l 

4siSlill jjIS 

(1) tu- 




i_a3_j!nxu3 Jiaxj I j] 

; 4c. A-aJaj'il ^ ^ ^^jJ! Cllljy-d! (j-° 

c£3jLoli]I 
.-liaiill 4C-^>ial o^Llj 
i - ll ±uilaJI o^A (jjj £JjjJ 

(1) jSi U^s S-^gJUl ^ 

:j^l} <■ '< i ^n (hand held) ». 

(1) • 

/sjjjS OjSli • 

.£Jjjuj ^dla-a • 

(J ) sjjju-a 4iiuLai • 

• 4 )^\1 i" ll nulaJl (_]■!»■>a~) ^laj 4l!Lai (_j-a 
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Jji t'l'iMl ala 1 ^oisLLs 


(l)Palm^W • 

Unix • 

(1) Symbian • 

Zenex j • 

;4_iAaCaA]l (jl 4_iAiCaA]lj 4 isSlI CllLiuilaJ! (jjj 

^clla-dl oj I a ..n • 

'A *1 j w ^ • 

( 1 ) l^l!] 0 aI__>J 49LCa] (j^AJ ^ • 

(1) .<£j^' c> ROM c^s <j.Jp^> W-4 • 

(4 lEatMl <LIaVI gTj'V^J fra) V ji ^juj c-ia! 

jjjj v V .^llaj]! ( _ s ic- j_jAll ^llai]l (jjj (Jl j.^ ajVI jjJjj V 

4q\'i~v a (jSLai (^ oA^IjIaII (jA 4c-j <-\a (cluster) 4 »a-na\I 4aIVi^I j/ia~i 

4 JanjAj -l^lj (jl^A oA^IjIa t V _4 _ja11c- 45LuaJ (jlaa_ill l g >>ia j £a 4UaliA]!j 

4 ^ \ -N- -a 4 ^ ^ i*i* y 

4jb 4 JjIa1aJI CjUJIjuaII —Ljj*j (j£aj (multiprocessor) kaJla^ll ccaj 

Jiaijj laill ^3 j ^i.lj joi uj I^aS (jj^J C);*s ) >."iI-n\1»a\' (jA 4c- ja>a 

i V -ls ->.au^)II glla-all ICA 4j Ia jaLi Ia Call Cil -n\ 1 a a\I 4_jL LaIu tojajS 4-.bm.uj 4 Ag a 

.ALIaHa]! jjc- Clll Ul a a\I 

,=^-j .(Round Robin) ^ J>^' ^ILl 4jJ£j 4I cuUuUJl Ja*j 

^aj -t ^al ja -vll Caullj a ^gk (jjLii]l 4 at a^aII Cl )\ jjuiLall j 4c-J jjaII ala ill juj (jjji]l 

Ia jlflcl (j^Aj i (multi-core) sljjll cc*i!a Aa.1 j ^dl*-a ^ (jjili aj$-a.VI 

^aj .Cl'I Ul a a\ 1 oCCaliA * ^ I 


Single user ) oCCaHa - 1 =J j ^Slm A ^llaij DOS 4ajCs]I (J jau - u lill (dal <Ja*j 
single user single task s^a.1 j 4 a^a ca.1 j ^s~i,. A c V .(Multi-task 
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Jji t'l'iMl aJa 1 ^oisLLs 


.(Single user Multi-task) a^.1 j 

.^lla-a <_s^c. ^ 4 _uIaSj^I kSUaJI -vj 4j < sj'n«!)b AjSUI CllUsUaJI 

.^clla-a cs Jfr (_£jiaJ Jj 

Single user ) ^l^-a j ^UaL DOS J jxjoul l ^l-a <Ja*j 

F .(Multi-task 

F .(servers) eiiLa.^-S-ai] a^AIa lluua jj-iiij 

p elata. aI I ‘ nalii] 4 '0 : ; 4 a l U> *\ i ^AiJLuij 1 ' i jl S 1 ^ 

X 4_jiL JJAj (JjicuLl]l ^»Uaj 

^ixuj (_j-o L-UulaJI Jjlj-aj 4_iiiilaj]l £-« ~ •'Vun.aH (_kal*jj (j! (j£LaJ 

X jj-lijjj <_s^ l_u£a]I 

X ^illaj o!_jj £-a (J-alaji (j! qm (JjjJ 


(38) 







Jji t'inll aJa 1 ^oisLLs 


jjc. jJjLu . 1.11 


? 4_ajAii]l C* ll .1j.al It C* ll ^_A La 


? (^Caj) (_^i».>'In ^llai (jjAj UnKH ^l.'i'v’nul (j5Laj <_Ja 

? (Jjjcua]l ^llaj i_a jc- 


.1 

.2 

.3 


? L_Lujl_aJI Cjl j-a (Jjjt.alu]' ^aLSaj jjAi a 

? ^.a5Vl (J-ia-uull ^Ual (jll .V^iVi I iLa 

? (Jjiulu ^Jail 4jlLai 4_uiAa. ^)£j)t 

? i_alAAl ^^A La 

? 4 q\~i~N.a L_ljjaila. 4_alaj'i 4_liLai Cll^/L j£il 


.4 

.5 

.6 

.7 

.8 


? 4j& J)ja]I 4 .ali iSfl allljy-a-a ^^A La .9 
? <C jj-aJI pL'Uj 4jt-aa-all (jJJ (j^jilt jA La .IQ 

? <£. jj-all 4 .aJViSM j Clll >11 ».alt .iAaj (_jjj (Jjjill La . \ 1 

? (real-time) cs%^3't>jl' ^ ^ L> .12 

? 4_LatC=La L_ljti.il (_gj"lVl o4jlLat distil jSil . 1 3 

? 4u-atCa-a]l 4_aliiS/lj 4_ii5ill 4 xal-a iSfl (jjj ^ JjjAII La .14 

? 4_iA 5L1I dll ^^A La .15 


? Cl ll > 11».all AH*! AlllLalLa jjillj 4JilLalLail L-LLt J ja. 1' (jjj Jj^allLa . 1 6 
? C5 A La idlLijS-a C1 s!Hj (j-a ^.Uaj l" llg >t j (jj^lili . 1 7 

?4_iiaJ>]l 4£jLiCallj 0 <al^>41 CAxll (jjj Jj^)4La . 1 § 
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Jji t'l'iMl aJa 1 ^oisLLs 


o.3AjCLa ^Jaj j ^t-a! ^>2! ^j-ilaJ ^aJaj (jjj j , 19 

(_JS ^ya ^llaj] (_)l!La £-a ^c-al^ll! 

? ^,'i's'ni.i^ (j i» Anil jilii JS] <_Ja .20 

jjAlljJ ^Lia-ll! Clll^lAj (_jjjSj ^Jh (_JAj iXP jjAllj A^jJ ^llaJ ^lAj ^S, .21 

V t‘i, >> <a 

L_iuS ^jJzaj i XP jjAiij ^5^ a^j^._j-al! ^Uaill Clll^lAj ^>£jail ,22 

? CH—h ^c-al^jJj Isla. l^al^aJLml (j^-aj 

? j) Windows API j jj-Aj fAa A uw <jj2 AJAa Ja .23 

(JjsLuIi ^Uaj 4 j^>^ 2 i(live CD) jljjJji ^-jt_jlaujl (JjAAuIj ^3 ,24 

4_nj j' XP _}j>2jj (j^J 'AW UJ^ ^glc. 4\j,aVi <jj^ jli_jjjl 

?l.u.aa3 jjAjjj (jJJj 

<*=>■J] J4iil c(run jjAjj Aula cmd j-»VI s-uS' .25 

DOS j-4j' ^5'j ‘(command line interpreter) jAj^' 

^. iSu . i a l' tjixu l_sl£ c_s jjuI els, dir, time, date, ver JA 

? 2j* >m‘i \1 ^llaj 4 u«Vi j^al jl 

[Wlcmdatataqutils 
/■-•' See more results 

cmd| 


Switch user 


(40) 















Jji t'l'iMl aJa 1 ^oisLLs 


as C:\Windows\system32\CMD.exe 


Microsoft Windows [Uersion 6.1.7100] 

Copyright <c> 2009 Microsoft Corporation. All rights reserved. 

C:SUsers\osman >DIR 
Uolume in drive C has no label. 

Uolume Serial Number is 7837-588D 

Directory of C:\Users\osman 

08/17/2009 07:22 PM <DIR> 

08/17/2009 07:22 PM <DIR> 

07/29/2009 05:18 PM <DIR> Contacts 

09/01/2009 01:12 PM <DIR> Desktop 

09/01/2009 01:09 PM <DIR> Documents 

08/23/2009 03:34 PM <DIR> Downloads 

08/17/2009 12:21 PM <DIR> Favorites 

08/06/2009 05:21 AM 43 gsview32.ini 

08/16/2009 08:33 PM <DIR> Links 

08/17/2009 07:32 PM <DIR> Music 

08/17/2009 07:23 PM <DIR> Saved Games 

08/21/2009 12:53 PM <DIR> Searches 

08/15/2009 11:36 AM <DIR> torrent 

08/17/2009 07:22 PM <DIR> Uideos 

08/24/2009 02:56 PM <DIR> yt 

1 File<s> 43 bytes 




? (jljjjjl Ajujjj JiLa) 4 juJjjj ^ 4<—jjSI i. .26 

.(terminal) M 

?Jla 4 1 g J \c. iijj ^3 4j3^)la]l ^3 .27 
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Jji t'l'iMl aJa 1 ^oisLLs 


:( _0 

♦♦ 

^aUaj <olJj LUjaiLaJl 
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t'l'iMl ~oisLLj 
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Jji C'iMl aJa 1 ^oisLLs 


(JjACLill ^»Uaj 4_iijj L_LuiUiJI 

4-pLail t!llLjjS-a]l a^lc] ^^A (JjACiuil ^Uaj Igj ^_jiL ^gli]! 4_u.u.(i^)]' ^1 g .all ^ja 

4-pLail C^Uj^-all ^gq 1 fl La Jja-uo]! ^llaj (J-aC- ^g3 1 (_jJ d]2J 1ml~v\\ 

oCA jj.3j (JjjljIlISI ^»Uaj a.lj>aJj 4jCLail CllLjS-a]l liA (JjjjALuj a. in«\l l.lgj .Ia jjCj 

(_)-alxli]l qa aCalLui>a]l^ C~ )1 q \ \ )a'i\l (_j£Lali C'llg 'si j (_);» CiMl filial i_ilfij cClsljj£ua)l 

-cs JiiLaJ! o _j j ■ .allj allljjS-aJI oCA £-a 

(computing) ^4^^LiLc. .2.1 

;^A t((-2) t4 jjouj^) dll4 jujI ^3 4_iuj^aJI Cl )\ i\.ac. ->3a».a ^lili 


.CIsLLij (JLi.cl • 


_CliLla..lail 4 -n \1 x a • 


_^<aJla-a]l 4 -niYi) ClsLaji*-a 


Jjjaj]!) C*J LuS Ig-alCaJLui'l/ (V’ll^Lllillj ji/j ClL/La-laiL Jalilia.'l/I 

.(^IcJI 



.(computing) j=L' “LL^ :(l-2) ^j J1C, 


(44) 















Jji t'liMl ->h i ^oisLLs 


^c-al^jdlj 4_pLdl CllUj^xall (ji .AaJj ._jljdLailj dll j)tv\ 1 o2& 

^Uddj ^llajjai L-ImLaJI ^gJl <Lajl*-« .dll j)tn'1 £>2a ^ jjd 

^L-alj^j -llilil] jl^-^ (j-« (l&dAjj) dl^'N.loll 4 -vllar-dj . j )\g >\l 11 a jjd 

IjlA o^l^lj ^jL l ^c-aU^j ^yldiil ^^)dj (j-« 4 ^ lull _J)l^Jl 12 a jjd 

dilj\,ac. jjd ^t-oLi^yj jl^-i. O' 0 4 >j~n\l jl (Jdddl (jjjdliJj # jl^iJl 


/ 


L«£) 4-Iuluj s-lj^i Ajfcjji ^gJl o!ilc-i dlljiadJl l- luA 4_pLdl dlljj^Ldl ^nuS'i (ji) 


•, _A o i((l-1 \ i IfLdll _3 




.(Input devices) J^' &j^l . 1 
.((Processor & main memory) ®j^liilj ^JU^l) 4-=JU*]l s j$-aJ .2 

.(Output devices) £>41 «.3 
.(Secondary storage) 4 j>^ 1 > j=^'»>> .4 


1 


Input 


The Microprocessor 


Control 

unit 

Arithmetic- 

logic 

unit 

Registers 


Tf 1 


Primary storage 
(main memory) 




\ 

■ 1 

f 

Secondary storage 


3 


Output 


# L_balLiJl £ l >1 :(2-2) 

> lj3j-a (jjpa3 tL-Lmla2] dlLa_ji*-4l Jldd^/ (JddJl o>4.1 ^Aidmi 

j 4 _luaij>1 o>12]Ij ^ylllll ^ jij ^!i 4^dl*-dl 4 _Lluj> 1llaua ^2ii ^!i 4 „i>.m-ij>1 o>12]1 

> dila.j'v^l'/eii^'S.ixill (_y« 4 s. >« n Jalil^Vl c^^>dil S>> >& 141 c- ^ Ii‘i 

,(^jl^2ai^.) (jjJjivj jl-44>. <_£! ji i—lL^dl (j*a>]l 
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Jji I'inll aJa 1 ^oisLLs 


4-ajuiLa ^Uai j^l L- 1ml~v\' pi j^l jJ.li ^gjl! £c-aljJl 

jiJIj aj^aj jj.1i ;ej>^aVl jJ.la • 


_4_Jc. ^c-aljfll (J;»>m\i ^jSjj jjIi ;4 J,a» 11 jj-la 


,4_iuijjjll ejSlill jjIi ;aj£lill jj.la 


.l^jjjaj Jjjlaj Clililall ajlllj ;CsliLJI jj.la 


_4_ia.jl.iJ! Cj'^U-aj^lj ^Luj <_ 5 ^'j alilSilJl -ijlj-a jjAi ;4^u«ll jj.la • 

4jlbJ! CllljjSuiI! ( _ s Jc- jLaC-lj < kiSLa o!ilc-l (_!■)». >Tnl' ^Uai aljai j-a a ja JS 

;J!La tl&jjll 

_o j-alLm-a ajj^ai 4jlLJI Cilljj^'.al' <Jil jn • 

? L_i}£ij ^gli-a ?liLa alaJimJ (j-a llaj ^gj]! dlLuiLluJI ililij lilaj • 

_t_±uilixJ! ciiaj]! 4 jiLJ! Cjljj£-a]! jaa • 


_L lull Lai! Cll3j]l ^ 4jlLJI ClslijfL<J! jjjali • 



4 i ^jujjI! — 4 ImJJjll (J)»jjUll ^Llaj a !>! : (3-2) 
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Jjj t'l'nll aJa 1 ^oisLLs 


»l>i . 2.2 

^Jla-all -lajjj (JSU u" tl i jliSI ji ^2l*-a j-a All tW '1 C' )1 ±mlaJI jjSaj 

.(3-2) (J^t jSjL.'La o^)£I2j CllLaS^JuJIj 



.2 iy* ^ l. uu l 'kl :(4-2) 

(controller) .2.2.1 
:u' ^ ^4^ ‘(controller) -M j* jW J* 

.jig -^11 A-a-li. ^^3 Laj-S (J-a*J • 

^Uaj IgJ (_fal*2j A In u«.i A^aJj ^SLaCLall ^jSjjS 1.3a. -3a*-a jlgaJ! jjSd .33 • 

. jl g >11 £-a (_1 a*_juli]I 

CjUUJI Jij Ajlac. Jic-Lou (buffer) <j jtaJI ^g-axCi ojSli ^Vi<a J£j ,3a. jj • 

.A_Luiij)]l ojSlillj jlga-ll (jjj 

ioJlia-all A lu^l Vij jig all ^a j-al*j]lj ^2l*-a Cll<a^Vi<a\l (jJaaj ^gi .3a jJ • 
^jic- Ig-axjjj i—laj 3-iWiilj ^vjiSl t- ll joia-J AJ122I ^Vu ^clla-a liliLa 

^g3 ^)g lVi jl i.l\] jylj dlLajisuall ml j)I' ^cJla^all (Jjoijj LailJ tA.ml.mH 

AjiUJl 
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Jji Anil aJa 1 ^oisLLs 


(_5 jljlib A^lj CllSj ^dl*-a]| Cl '1 (_fa*j (ji j^aj • 

.(concurrently) 

^dbtallj Clli a^Viali (J^yaaaj ^»_jaj A-Loull^)]! oj£Ia]I • 

.Auialjli ojj-k-aJ ojSIcil 

. jl^-aJIj ojSIaJI jyj ClsbLJI (Ji3 ^j^jjoU ^ Ac-LuU ^aSaliall j)jli>. • 

^glia. ^alLall oj£Ia ^ ^aVi 4Clslujb (JSCu <^3 ClsbLLI (Jjoijj LJlc- jl^aJli 
.Club A*j Club IgJLuijj (ja ^Aj 4 0 ^)S!a]I JI oA^lj AjtSA Jjujjj ^ \la~i 

( Interrupts ) <—lUJalLill .2.3 

(jT jiJI/JbAll oj^J) AuALall CllbjSall j)£ial) AajJa Jjli A’ii.wli Cli -vllaal! 

a_a3 Jj Ajdalaall oAA . Jbtall AjdalLa 4- 1 \)-» ojbjj'l/l oAA jn») 4 Jbtall ojbaiJ (JLoJ (ja 

^a .(interrupt service routine) cab] 4baya JLodi Jac. 

A_4*aLl (JijA (jc- ojbc. (^jAj 4(_)u».Ali]I allaj 4 . a Vi Vi cllilaAadl (ja Ac. j-a>-a 

Ajdalaall Jboijj CL LaAic- 4 (_]IjA]I (ja Ac-ja 2 >-a l^JLlal AaJalLa <_j£iS 4 dlbtlalLalb 

^3^)J aJIaVI AAaj) AjtJalLaJI (JijA (ja Aii»< aJIa Aai) ^li 4 Au 3 (J-aau (jl£ La 4_a3jJ JbiaVI 

.Ajdaliail AaVlLajI (JjS Aa3ji La (JaaaljuV (_£^>b.i oj-a JbtaVl ^li i((jja-a (J-^ (J 

Igaja-N l g jlc. Ajj (jl JLiaVl ^^Ic-j 4 jl^a* j)a J£i j)a ClllaJalLa j. A■ aali A3 

; C'liatl-ii i.ail (ja AalliiLa bill lA . jii/i^ Cll3j AjjujLLall AAJ JaVL 

,^^bJI/(_JbA]l oj^J (ja ^jAj-ali j Au^jlb. • 

(_ 5 Aba (jj^ 4 J ijlac. a -n jii ji 4(timer) ccayLl (ja ja^L as auIVa • 

.^Ljj (> j! 4 (hardware failure) 

4 (JbA jl^a. (ja Aa_ji*-al ^lba.| (^llLa PI) Aiibll Cli^u 4 AW lA jjlS lij !lliLa 

^aL^jJ AjillS (Jj~s~i 1 4 ( _ s _i*-a]l (JbAll ^i A-aji*-a]l L_ii!a (JboijL ^Lla-all ^j(um3 

AjtialLa ojLiil (JjoijJjuj 4 CI 1 LLLI (Jail Aatliuix J)l^. ^ u^i) LaAic. .(!iliLa P2) ja>i 
<-_aj3jij AjdalLail ^LLt-all AjJjuj .ojAla. CllLLnli j)L l^u3 ^Lla-a]l 

ecs^' (interrupt handler) AJaild' <lh Jbcb] J^ajj ‘(P2) cs-j^' j2l 
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Jji t'l'iMl aJa 1 ^aALLa 


(JjSM ^c-aU^llI (Jjialu j_ji ^dlx-all AjaSkill I^A ^^3 .ClsljLnll JiLj (jLafilj 


.(PI) 


dual mode ^ a . .2.4 

4Al^)ia (_j<a ,3 jV ~ 'iVini-aU (jc- ^L-aSj (_]-)«■ ^Uaj] Alilil] 

^llaj (j^ .^AaJLai>a]l <1 J)]J.aM\ 


jL-a Clldl o. 3 A 4 -ajS ClijlS Ijj t^LpLall al)Ujf\.a.\.i a \\ .>i'i (bit alu) adll iA 

csjdaa Cull ciil£ 111 U! t (kernel mode) "d^dl c s* jd' u> yr 1 *^ 

.(user mode) ^vbud l <*^aj jdl <jl b$i ia.lj 

.^axl^jd! Aial) ^JJ £j^aj ^ 5 ! 4S^)*-a ^ ;kun\ 

^Llai a-lAj) (dJcuoll ^llaj (j- 4 <aA^ a-lfr^Luil 4 La ^c-ab^y ^~lla.j .33 ULi^i 

(^aj <_> 4 ju-^j jjilj jl <_>> jdl b$J ^ <]UJI a La 4 (system call 






.(-2) fflJ Jlill 4 


■LS J^' °J- 4 f- 



(2 L>a jau:^) djill £jJajj ^AiluL»ll £jJaj (jJJ (Jjajll -("2) jdj lj^“ 


timer dbs>^1 .2.5 


(_j-a (j^-^-^uidl ^c-al^jj £_Laj ^dla-dl ^Vi\l (Jjiaid! ^Uai ^l^-a O' 4 

id\l iA b] !iliLa .^dla-dl (J^b <L_jla SAa 1 yfaaJlj ^l^JI 3 j_ja 1I l-l£J jllliLuiVI 

fl j <*3h. <lb ^abd jl (infinite loop) cs^ia jjc. j' j£i ^ Lab gJa jj 
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Jji A'iMl aJa 1 ^oisLLs 


4-21 ^ja (_);»>Tn\l j»lla2 Aj^/ liA .^cJLlaJI jlAAj *•. '.)*«] 1 a^ ^Ua2 o^IaliJill 

_(JaJ! jA (timer) Cl»3j>2l ,jl£j t^c-al^jfl! oAA Jla <_Jb3jJ (JA 4 i£>ttJ 

;Cl»3j-2l J-a*j <- <j5 .2.5.1 

£-a Jaajj^a Cj9Jj-2l (jl a (Jw ^llaj .*i5Li 1 p^Vun.21 ^c-aLj^J (JjicuU (Ji3 • 

4.x.Ii\aa 

.(4j2j (jc AjJjj L?) oAAa.^ ojj3 A*j 4jtialLa]! Cl2lj^2l aIac-J ^jj • 

.0Jj2l oAA i- \\ m\l Ac-Luij AIAc. ti2liA (jj5j • 

.a!Aj 2I jjg Vn (JjijaaJI ^Uaj ^jiL • 

.aIa*JI (j<aVn 4c-La> 4iiA (_JS • 
^llaj ^JJ \_jjta]j ^-vMI JjILj 4jtJaUL2l jJU-alj jL.o AlAaJI J^-aJ LaAic- • 

,(J)» 


fatal 


Uai. 4jtlal22l oAA (jl jLlic.) <^1 <. (Jj*jui 2I ^Ua2 

,(c> j j) J&1 <1^ j2l C5 ia*j as ji (error 


J4* .2.5.2 


C5^ (60*7) 420 J t AjillSl {ja JSISa 7 ^Liaj ^-aljjj UjaJ (jlS I a) 

^Sav2l Jlajj 4 A^I_jj aIa* 2 (j-akiij 4jtlaULa dl3J^2l (JjoijJjuj 4-LIj j-aj LalSj ;AIa*JI 
^llaj AlA*JI (J^aj lil t(a- )>_^a a!a*J! (_g^»I a La) ^-*2^)2! (_£A] 

_^-aUj2! <il$jlj (Jjat-Ju]! 


.2.6 

I^Lill (j-a 4jajA 

.registers • 

.cache (<j^2) 044^1 aj5121 • 
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Jji AY'll I aJa 1 ^oisLLs 


.main memory (^' jl') J'«j^' • 

.magnetic disk (_>aljSV' • 

.optical disks j^=J' o 3 '• 
.magnetic tape kkii^dl kL j£)j\ • 

; oj£Ia]I 4-La^)A ^ jj jJ (J-aljC- tillli& 
.jjUalll _1 

.3 

_ .4 

(volatility) j^-kill .2.6.1 

;La& (jjjjuiljj (jj-ajuiS ojSIaII 4j-«jA ajoiili 

ojjUaxa) L- 1ml~v\l (jj^tc.) Ale. Jjjj CllliLlJI Qjij • 

(volatile 

non- ajjUala jjc-) Jjjj V Lajta LiijpJi eisULJI <jjp-j ;^>£ll Jiuji • 

.(volatile 

kc. .2.6.2 

Laiij t(^Ijll (J!la) L-ll.■>>n JSAu ClsULiJI jjJpj (JjVl 

(J!La) A ftnl^i-a (_]-a*Jj jl 1 ]ui)lii»a CllULlJI (jjiu 

Ac.^yj} (jl AaJ t (4 )Vi».a.a\' JajljjuJIj 4 -Dj).lY-i\I (_j*aI^VIj L_iL<a]l 

.^liill £-_j 2I Ig'lc- ^-a <jjl£a lAa. 4_Jlc. JjVI (_ji eiiULnU 


;C1iAj opl^jal (_3^)».~u.iiAjl (j-aj>ll !MiLa 
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Jji t'l'iMl aJa 1 ^oisLLs 


.(llS) 10 ((ji\£JI) olfa-2! ojS!^]l (_^-a • 

.(ns) jjU 100 j* (^lj5l) SjSliJ! (jA • 

.(ms) ^ 15 oajaS' i> • 

j AjUulII .2.6.3 

ojajai ^JU*aJ 4^-y-y Ij^J) lij <i]£ua 4Jic.l_L-a (jV ^yiu-a (JjVI £-_j±il 

Alic-llua (jV jyj£i Lai .J££ t_luilaJI jjtjoi ^ jjjj Ua&L 

.JjVb 4_jjlLa 1.}^. (j^a.ia.j t4 qK-a jyc. 

:(MB) <jjlL<s 

200 cs-^J- 2 ^ *• ((_yolS]l) ol±i-2l • 

.4_i£L^^ai IQ (J-^LtJ A_iouj^)]l a^Slill • 

• cs%>*' 0.001 LSji-^ LK 3 • 

Ai-jxjJlj c4*juJI i^yUalJI ^^A £-l^ji j_jJJ Jy-«j (J-aljC. £Jji tillliA (jjj 

.(10-2) JL^I^u^US 
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t'l'iMl aJa 1 ^oisLLs 


.»^<2 :(10-2) <4j JLi 

(cache <_A^') oluLi]l ajSldl .2.6.4 

o^)Sli]l tllLLul ya ^dl*-a]l (jiS-aj _jA al j4 .all a^)£IL]l ya 

.^dla-d! *Ll ^jic- IjuiS IjJjLi IjJjJ aLia-dl o^lLlli dllL] t.l.lu (J£dj Ajjauj^ll 

(■ L*a‘n Laiu LI ^amHj ^4Lua]l AjC-yuJ (_J-a*j ^iLi-a]! yajt J 

jj£,I (_jj£L 4LalSi 4 c.jjoii (_£.L]I lia-dl ,L2 ^a^joiJj Jsl j! Ac-jjuJI 

A£.yji i. L*Vn J-a*J lliua ya Ltii 
?£t]Lua]l 4c.jjoi oLiia-all aj£IL]! Aljj (__LlS .2.6.4. 1 

L>S1L]1) L-lL-all ^^3 dlLiLnll (Jju-a_j]l Kc. y uu (j] 

^)JJJtJ lilLl t^!^)]l CllliLnl] 4£-ya ya Clllj-aJI 

.Igj (J^^j La Aiili (jf^u t^c-al^jd! Aiiii! Lu.mL.mI 

^dLuall 4c. jjoi (_ 5 jLmj A-UmLj31 oj£IL]I 4c. jui CliitS L-UmI~v\I £_iu-aj CjLIAj ^ 

£-a 4jjlLa l-lu 4i]lc. lg~ic.^uj djjL-aj dtl -v\l ».a\l 4c-lL-a dljjiaj (_j/aJ>]l JjJ-aJ (j^J 
<c.yu a-iljJ) 4uaj (jjjiL aj£!L]l Acjui Ajjj jdi t4.uu.iL)]I 4c-Lu<a ^ jjLj]I 

t—U mLu]I 4c- j )um (jl Lalj .(12-2)J£Ll' t(_jjlc-^)uu]l yj 2j La^ ^Lua]! 

(juic. j )uu]l y±i djjdl ILa 4aJl*-a y* 4ii ,4 Lu .4 j jL-u LLui A£.yaj 4 L n ya 
4c.^)jaiJ (_Ja*-i] 4lac. ^JaaUM ^JLuaili .^SLual! kc. ya ya Alilud] oj£IL]l $LI (jUjiaLu 
.(JSS t_ lulail pLI y I La y$ Li (_j]j ^dla-al! kc. yui ya Alfllui (j] ^Liillj jii^)]] 


(juidLa Usui (4 



# Ij^1uj Ja^3 %7 Aiui '11 1 A\\) %60 ^ Un'^1 4x.^)jai i( 12-2) 
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Jji t'liMl ->h i ^oisLLs 


Clu 2 i t4 K>«,a\l oi& (_J^2 fljllj ^Jla-all (jjj ((jil^ll) olfi-aJI aj£!U! dla-la.. li& 

^2l*-a]l $.Ui jjlli (jJ ^Jla-a]! Ac-^joU Ajujjoi oj£!2 (_£il£]l ^).m~i 

.(13-2) l 1^“ £-a (J2 ajj 



.(CPU) j (RAM) r !jll auiu-jS J&\ :(13-2) Hu 

fjj £-a 

.fljil L_lL-aJI (j-4 Jj-a^j ^ij • 

(d-L^>>u.a\l (^j ^ja 4jULij ^)dx2kj)(jll£)! (j-a A^y 2a ^la-all i. lUa 1 • 

.1 g j\c- J-aal) 

f j?n« fJ Ijjj IgiaJAj ^clla-a]! I&Aijj ^^2! dsliUJ! (jC. dlajlm • 

.(14-2) lM l J\ t> Ujlda^b 



• f'jJ' ^-a (3al*j :(14-2) Hu 
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Jji C'iMl aJa 1 ^oisLLs 


diljlni] jll .2.7 

(jV 4_iiliii Lalijl Cl \\ j CIi^'sCa]! LllllS l_ iml~s (Jjl ^ n.o Cic- 

^jj .c_ UulaJl £-« JJjtlil! i^yA (jlS dill t4_lilili]l ^UjjSn £-4 V) (Jdjtlil ^ t—ImbaJI 

4 l-i jjuall 4-j.^ilsMI 1 ilia)^)lal L_ lull ~s\l £-4 (JdjCill (j-4 1 iiS-4i liL^jj jjialJI £-4 

Uiliii <_]£ £-4 (Jdjtlii (Jlj) 1-4 LuilaJI l^IAjic-j Cllljjk-aij <-_Sj^p.) 

,(Aa.lj j! 


; . .i~.i l - ,y 11 v —IjJt J^-b J -g-. ^ 





.4C\l » J<dl 1 ll41 l'h\I Cjlilll]l 1^5"2) r*~ v lJSuj 

Jl gjAi&ll JSdll (j-4 CllillJI (JjjaJll ^jali oJ)£-d Jjj^jla (jc- dli ^1L 

oJ)^a.VI ^jalij Aj^jVsill (ja«j ^»jaia iJUkA^I lie- 4-il)liii]l 

^ l^iijSj lilawj j jliu^ai 4 j AilSli] I CllliUill (Jijaiil 4 lanujll ^td^illj 

lie- dliS _li-4 (JSAi ,jjC L_±uilaJI 4 -4g qj (_£l]l (JSCil! d] CllljUil! (Jjaiili ll^ij L-boilaJI 
(Jjal 4 l-anuj "oJ>^-d dll \& (jV lA£3 ^Aiialil! (JSdUi C il -n j-vdl ^ lVi 1-4 

(_Ji3 (jCilail! JSlill ^ iml -sill oj-vdl JSdl) Aidj j jldd (_j-4 l" \\ y j-vdl 
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Jjj C'iMl aJa 1 ^aAlia 


la-lic. LijLa^Lt-a (JS (jl i^\ .(5-2) il^C-Lau jS CaLa]! <^3 lA jl^Ja) 

. jliaa'lM j CjL^jII (ja }-»)A (jj£j a.imlaJI ojSli ^^3 

jja^jllj Cilia jLtall (jjj i— lull ~s\l Jyaj *- f]5 t_jA ^Ia (Jljaa liA ^ la; 

LaS 'JJSjJujII ^I'iVumIj ? jliuaS/l j lul^jl! (ja la]A 1^15 Clul5 lil (JlSauSMj 

.(2.2.1) Sjaall gj 

CllljCl ^^.A Lajlj i—laalaJ! (_j-a 3^-21 oJ>£^! V 

i5 II iA .L- \ mla-Il £_a 4_j 3-«l*lu ^iJ! (Jjj “ill jL^Jalj CjULJI 

.oJ)^a.VI aCA filial V Cl \\ ±ua\ \l (jCasu 


(-.LuiLaJI (Ja>ld CllULiill (JjIaJ .2.7.1 

gya (_JjlLa IgJ ^llliall ^3 1 g aAalimj ^^lill i—Sj^pJlj ^ISj'lHj 

gi ijja J5j Jjaj <_J5j ^»3j (_j5a ^(.Ajla^l! j jlix<aS/l (_ja Jaiia.) Ujlilll! 

^Cajj (1-2) ^lAiLa H- LmlaJI 3^E 4jiiall Ujlaii <Lajii 4l ^jjlial! 

1~»» 1 LaAic- i (ASCII) ^5 ml ojiCu ^AalLui) ^^lill t — H >«! adl L_Sj^aJlj jja^jll 

ojSI.il (3j-^l^ laS) <1 4lll£all 4auall jjall ^j'lUall U^jl ^3 <_SjaJI j! jajll 

i—LuiLaJI 


;<J!La L-UalaJI CllLiLlJI (JjiLalil ' 


j!> 11! ja AlliA 


(jjaaxll JcLiill 4jtaiijall 4ailjSlI ojiCiJI [EBCDIC a jid • 
. Cilia ji*-dl (Jclii! 4 ilaaill 4_iSajaSn a^jiCall ; (ASCII) ^5ml ojiCu • 

.Unicode ac^>d' ajicdl • 


tCllj*JI 4jtlll ^c-Cli ^^A j ‘Unicode aC^jall ojiadl ^a-Ialial JJlCCi]! ^lai ^la» a jVI 

(ja i—Sja JSl 4 Til n 4 -aj 3 AH lA (jl ^I 
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Jji CiMl aJa 1 ^oisLLs 


Character 

Bit pattern 

Byte 

number 


Character 

Bit pattern 

Byte 

number 

A 

01000001 

65 


y. 

10111100 

188 

B 

01000010 

66 



00101110 

46 

c 

01000011 

67 



00111010 

58 

a 

01100001 

97 


$ 

00100100 

36 

b 

01100010 

98 


\ 

01011100 

92 

o 

01101111 

111 


- 

01111110 

126 

P 

01110000 

112 


1 

00110001 

49 

q 

01110001 

113 


2 

00110010 

50 

r 

01110010 

114 


9 

00111001 

57 

X 

01111000 

120 


© 

10101001 

169 

y 

01111001 

121 


> 

00111110 

62 

z 

01111010 

122 


%o 

10001001 

137 


. cJ /i -a M ojiC ;(1 -2) Jj- 1 


duUlIj dull .2.7.2 

(jSf ? (.A^ljilj ^>i>-a]l) 4 nl 'nil ^USjSH (_£jjui t r'*2 *>>11 QjiL) ^ libb 

‘OFF J> ON Ul ‘<jdilba. <ja dJj ^gic- (jj£b ^jjla-a (jc- Ojbc. (_^& 4_li^l.l]l L- Lull ~s\' 
(JiLaJ ^lliLa JSj i jA>-a 4 ,aiq\' OFF 4-^-^ (J-bl b&jjj ‘ 1 4 aMI ON (Ja-<u Clua. 
<jj£>JJ 4_UjUJjil oj£I2]I ^ (jjjbu ,*ijA (J^ ‘(6-2) L&d ‘da.1J ^bi) <_s' ‘—4 
lija. ji Ijaj (jjjpj lal■ mJ Club (JSj i.(d)llj 8) Club (_g.Aa.ujj ^JjlLs 4_ubaii (_ja 

.(6-2) J^cbl ‘1^1 j 


One bit 



1 

o 

o 

i 

1 

o 

i 

o 


.dub JiLaJ Cjbj 8 (J£j Clu JiLaJ ^liiia J£ ;(6-2) J^d 
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Jji t'l'iMl aJa 1 ^oisLLs 


4 nl nil 4-ayaII <jli ‘(A <—a^aJI) 4aw_jl L gic. i" i)-)» >>> lij !iliLa 

-2) ^ us CM-UJI s,j£li ^ l*JUJ ^ ((1-2) JIj^JI t>) 01000001 

.(8 


Data 

11011100 



Memory 




.^JjlLa AajLoj qa ^_s]ljj 4_uilj^)]l £3 ya ; (7—2 ) r*~ J i_]^4u 

.1 j 0 t> ^ jl OFF J ON (_^a li)N _jA L-imLaJI (_UI^ «XJS (jil 

4 Nm-a A_ljl^)3 ojjajj j! ^jjliLa <a.jl ^yc- (_U-4a ^ \ <-_ila (jjSj .33 -LuiaJI IjlA 

jl i^ujia 4yj£> lila. ^c-alj^y jl 4_ajjoLaJI 4_Lmjl_y 4l-y^ ajjj-a jl tjSj^)£jLaJlj 

,4jjljj Laliiji L- lul ~\\l (_Ul^ JSllS .^Uaj 



LujlaJI A (JjIlqj ;(8 _ 2) 2^-“ 


jlii-aVl (j-a ^Sll IjlA L- imlaJI Jy-aj a ’l f\ jA 3j.la. (Jljjai Jj^yj liA 

? lg£.l^j|j dllilall (jyj Jy-aJ *—fjSj i3jl_^j]lj 
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Jji t'l'iMl aJa 1 ^oisLLs 


(jjj jA dlliLall jj.la ^Uaj jps ;^^A 4jl^VI 

(j^Lalj l^C-fjjlj ^al^)!^ (jJJj oj&^W l^lljpj (jSLalj l^C-l_jj!j i" \\ q\.a\l 

.4. ; um..u^I oj£Ia]Lj IA-I^Ijj 


CJjuj 


,LaJ| l_sj£ .2.8 


<_fa*j <— suS (jl CjUUJI uJ>^j l Uijc. <j\ a*jj (j^/l 

.4iijlc-) 'i^j <2kl3 Ala t-Lull~v\l 

(Booting) . 2 . 8.1 

;<JLi]l l1i'j)tv\I L-lull~v\' ^Ilaj LaAic. 

I^a f jL .(ROM) Sf-lja]! sjSIAj _jA (JjlLuIj ^c-alj^jj (Jji • 

4-aalui L_luilaJI plj>a.l l£ (jl jps A^Lill j 4_}ALa]l Clljj^.a\l jUHL ^c-oLj^iil 
jUH^I ^t-alj^jf!! lAA ^g-axuJ .4 ~v i~s ..o 4Aj^)iaj 4 L.oj»j 

.(Power On Self Test (POST)) 

‘ bootstrap loader j^l ^1-j jj l^Lii jl£ii.V! ^uLt ^Uj a*j • 

S.jS!j ^1 jl (ROM) Jais s<il j )a]l S^^lij A_j2«.j-aj lAa. ^oalj^jj ^Aj 

4diAajj (Jdat-aujll ^Uaj (jc- CliajJI ^^A ^c-aU^jJI lAA 4 aq a .ojjUal^ jjc- 

.L. Lull ~s\Ij a£aJi3l 4/>jLnj 4 _i>.i.lii^)]| o^jSIa^Ij 

Jj*-Lall ^Uij ^diuijj bootstrap loader 5^-j jj '^> Ila • 

.Cllinlxillj ^A^LuiaII 4^Jj ^)3 jJj 4-jALall Cl>Ljj5La]l jjAj] ^ 1ml~s\lj 

(Joiolulill ^»Uaj (Jilaal! . 2 . 8.2 

4 g >'^l _jA (jj)Sj>« tt-LmlaJI aALlii 4^ajlmJj (_Jj*Hl]l ^»Llaj (Jxaao A*J 
Ajjj La (JfL •N.a'^J (Ja-uLlj ^jlalial UaJLujJ All t^AVu«.a\' (_fal*JJ 

I .a in 4_iALall allLjj£-a]l £-a o^jlulxa (J-al*jj (_£A]I _jAj L. Lull ^11 jjAxa j^3 .^A-Vuu.alt 
ji 1 ~nl jifi AjA1) 4_}^)aJ! (_^lla^ 4j^]j La 4a^ L-iifajj 4a-a I Waljj j (j^L (J-al*jj 

.(3-1) J^uJI ^)lajl tLuUlL 4j^aAij 4"n- n jll jlxal ^ima. l^AaSj 
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J» LiMl aJa 1 ^o&LLa 


Ij&la. JJculJI JJaj (j! (Jaj 1^3 JjjAllj L_ii^all Jojjj jg In i LaJlic. JlLa 

; jj Jlj .13 Jill (jjA'i's'ni.iol' j>a! J Jillil 

(jjJLj itllliLa Ji3 t<- 'll-a Jaij Jla ;(l_u£ia1I Jojjj) A^JJl ojjujLLa ^lAi^Lui! • 

_ _ ,<_ 

(Jttjii'l AljJ AjLj (_3jJujj]I JJail j lU-» (JLoiJj ^Jij fiA jj • 

CllaJLl Juujllll Jlaj ^JLlS 4-1 Jjl ^Jjall JiilL tillij j)J*-a 

A-aaluiJj 4_u.ii.nJI SjSlil! Jl 4l),a J v'ij Jl.21 4juJLj (jlS-a J ^^-d-ljAll j)C. 

.tiLaLal Jaaj tila-alj jj <_£ JS -Jill 


; a Ijili (_Jj 3 A_U.;J 1 j]I 'j£ILl] ^aLj)JI (JaaaJ j^ 

V JLuall j£lj tL_lL_a]l (_j^aJllj Ajja_a |J)at.‘.Vill Jai L^jS LaJ lla^' jj ^laa.^ jl ^Juall 
I.1JJ ^^l^jall llijj AjLaE. jl -la-i lilljj tA jmjljl Sj£ILll Jl jaaj La jj-aLi^)J (jI ^ijj 
JUIL) t(rCcldy) Jill] jAla. ^-al-Jall jl Jjii LiAj Ajaj’JI SjSljJI Jl ^aLi^jjll j-LaaJij 

_lj Jal Liijj AI UaaJ jj3t‘i..;' Lai£ I ^aLi^jall jl£ Lai£ 


.2.8.3 

^al) <LuiluiLa Jlijj Jill (a' tl .ajalill) j-alj^l Ja aUuj _jA jj J ^J*_all Ja 

; Jfc J^l^a (jj.i.a'V (J j-al (JS Jl*_all ^Jjj t( _jVI Jl) 

(J 4j JLij 4 _lulijJI ojlill Ja j-aV! jLaaj :(fetch) jLaJ • 

.( ji*ji <_ia.ij) 3> tM<a 

A^al ja^\ Jc. (JaxIIj JUJI JL li& :(decode) j»VI jJLj (J • 
j>»Sn j)tS lil ^IlLa ^1 OjSli]l Ja AjSIaLoI CllULlJ ^llaj jjlS lil La A3j*-aj 
ejSlill Ja ^ x .a-^ jljJI (jxaSjl jULaa.) i liii ^•^3 (^Aa.l) 

_AjjuUj Jl 

Jill LLliUJI jaLaaj liA ;(fetch operands) eLUlnll jl-Laa.) • 

L-kna A )3l. J LLUUj ^Llaj j-aS/l (jtS lil) AjjoUJJ l ojSlill Ja j^S/l lgj 
_ JLuall (J^lj Llllil^juia (J (o^lc-i 2 ftjhi'vl' 


(60) 


















Jji t'l'iMl aJa 1 ^oisLLs 


jJaiallj i. - i\ ■ aaJI oAa.j ^ixuiljj Jiajj ; (execute) • 

j-a !$. j^. 

.g-lla-all C1 l^> >u.a (_^3 ^utlj jjp2) UA ; jjjajl! • 

t-liilill ^c-ali^jAH _^alj! j-a ^>-ai J£ ls-^ - a^tc-l dil j)tn\ 1 ^la-all jj£j 

.( 11 - 2 ) 



1 


Central 
processing 
unit 


Aiaii ijy :(11-2) 

.2.9 

e-l jaJj 4_pLall CjUj^-allj 4_iu!_jaJ! 4_iLaC jjj jc- L_ll2l I2& ^ 1 nK’l 

<■ kj£j 4jjUii ^liji L_LujlsJ1 (Ja.ta ClsULJI Jjilaj t—b£ llij ^llij 

4-aj!iLaj 4 \g >« 4 _iij 1^)3j-a ^Vnu.a\' jc- dll.^SaMI j (Jjj^aliHll o2a Jjacuoll ^allaj ^q-y j 
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Jji t'l'iMl aJa 1 ^oisLLs 


.2.10 

4_Jj (jV ? Ajjjllll o^)£liJI Uaj! JaiiAxill JaJ^juJI jj'iai liLa] .1 

t_iLa]l (j^jjall ^ Uiij (sequential access) y^tii uj& 

.(random access) 94 y^ ^ 

? <jjij ? o-LLLj ^Uaj (_jC- i."i j sn ^c-aU^jJI La .2 

.(ROM) s*lj^' '^a ‘Bootstrap loader 

? <j4j ? l^i-a ^iijj t_ lull ~v\' jyi~vj ^t-aL^jJ! ^JU2 ' U .3 
.(ROM) -las® s«-lJ^l 0j£'9 (POST) jUikV' j^aLjJj 

^aj]l o^j ? oLa La if.!j>a.i ClsSL ^_ya ^dla-all (jjSju .4 

.(registers) c^S L> .». a J1 4 (ALU) ^LaaJI s^j ‘(CU) 

SllLa ? (JliLaJ ^aiaj) 4j LLui Ac-jjjiJ 4Lin ja <_]££ 4-lull4c.^)jai .5 

^Liaj LaliJ 4 ^jj 9 -a 4 y&. 4 _}jlj <J£ ^ <—Sja. 

^jlc. oA^Ij]l A_ijL!ll\ /ajSlil! ijji. Jail 2 ^dLtdl 

L>®j O'® “LijljjjSj-a 998 lA (ji csL*J t^A .<LjLijjS4a 1000 

_4ujljjjlia 1000 <J* ^clUJI 
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J)» t'l'iMl aJa 1 ^oisLLs 


JJC- .2.11 

? ^^A La 4(_J^lj-a (jjiAa. j-al (JS ^JflZL ^dl*-al' ^ji) . 1 
.(lWjC- 4ju_j!) 4-La^)& (_ 5 ^C- jljJ (J-al_j*JI ^^A La .2 

V liLa]j 1 aq ii j tL2 ‘ LI (_)44 l 1' Lh^ <jjii' La .3 

? cache hit cs-*^ Lj? cache miss cs- 1 *-* ^ .4 

? (controller) (^Vi4 l ^ L> .5 

kernel ) s' >JI ^ jj (user mode) ^'L a 4 ' <*daj <j£ <JL>L 1 I L> .6 

?(mode 

? £- jjoiS/I ^1 UajS/l 4jjj-a oj£'L]' 4j-a^)A ja^alic. ^)£L' .7 
? ((J-aljC. 4) SjSlill 4_i^jA L-Ulj!) ^ jJ <J-a'_j*J' ^^A La .8 
Cl)!l'j j£L' u_Luil=Jl CllLLJt (JjiLaiil LaA=CLuui]l CjIjiLJ! (_ya CJlaJl lAW iA .9 

? lg_La 


? L-ImlCl)'jlrS jL^ali.L J^L'.IO 


^a c" 'IjL.-C " oLa ^)Si' t4-i>.u.ij j Cl)'jlrS 4 juj' !^k d)1 ;\.ac. ^l-ix a ^Lu. 1 \ 

? 0 jlrs (J£ lg_a.Lial) ^gj]' 4_)lLaJ' ClllijS-aJ' -l).lal) 

? jL^>") A. nl Vi" <_£jjoi i—iuiLaJ' Q>J '4L<d.12 

? L-boilaJ' Cj'_^ jjCj j 4 11) 1' (J)»>m‘i" ^Uaj 4>' jSil .13 

La ‘jjAj Cj'_j-a]' oLal) JLaC-i qC- (JjiCujl' ^llaj a-'^aJ ^ja J^.14 

? JLa&V' aCA ^ 


jA Laj ‘(1980) CllLiljLail]' C1 )L)'Cj (^yul£) olii-a ojS'L dllLiA {jfiii ILLaJ.15 

? (jilSll jj^L» 
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t'l'iMl ~oisLLj 


(64) 






t'l'iMl ~oisLLj 
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t'l'iMl ~oisLLj 
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Jji t'l'iMl aJa 1 ^oisLLs 


CliHall 4 - 1 UII 

(Porcesses) 

^Ikj (> y> (process management ) sjbl 

](_^a ClsLiLaaJI JSL ^ Via )j 

.( porcesses ) • 

.(Threads) -uiaiJI cjLla*JI jl • 

.(CPU scheduling ) <5• 

.(Process synchronization ) CsUla*J' i>'J j • 

.(Deadlocks) ^ jjUikyi • 

(^-jljil) ^Al <—AAI ^vwTtui L«mj tdiULimJI (jc. i_iUJI IL& ^ J'nViun 

l_)IAIj tJajl'LW (jjSjjuiS c-ll A\l Lai i ^Ala-all (jc- 

-( _ 3 1 Vi-v^U al .AaS ^jLuJI l_)IAI Lai ti"tl i\,a»\l (j-aljp j_jC- (jjSjjui 

^^.3.1 

taJL^I_j]l 4jaalll A^lj ^oaL^)J JjcuOj Jala ^ajoiJ JjijuLllI ^Jaj ClljlS LajAj 
^aJ)^a.lj a^>Stij ^Ala-a (_j-a L. u«l ~\\l -^l^-a (JfL jjLLuJj j ^oalj^jAl 1L& 
^ (J>a*J (jlj (j-ajii^L/ ^-ajoill ‘CL.laJI (Jj*juti]l Clla-a<al (jVI .l&jJC-j idlliLaj 

a^Lijj L_LuilaJI a-l.il ^3 JLtS JSjulj ■ A Laa Jjl^j-aJI ^3 <£jLiu!La Aa.lj CllSj 

4‘ii-sl‘nl 
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Jji A'iMl aJa 1 ^oisLLs 


IjAilxa IjjjL jJjJ (Jj*jul 1]! ^»Uaj Jj 3 (j-a L-luilaJI Ajlj-a] aA-iaJl 1 

\ W.a'^)j Aaiij (_5^l ^Jl*-a]l jA l—LuiLaJI Ajlj-a ^Al .^Ia^I ^gic. 

£c-al^)jj CL_)LtWI 4 (Jjoj3jV 1 cCl>La^kj!La]| ^llal (jj£j A3 

A L» ^jil La Ale. 4_iLac. ^gJ] ^-alj^jJ! (JjVn «.^‘iti^'l 

(Process Concept ) 4 -A**-^ f . 3.2 

(_£l jl) L_lL-all (j^a^)a]lj (jj£L LaAlc. <wila (JSjuI ^_gi (j jSj ^'-“Ll^jfl! 

(J t» All\1 ^Llal (j^a L- Lilli l^jAj-a l^)il 4_iic- jail LaAlc.j (^_£jllj JaLuij 

4_j JaXujj jl) L-lCall (_^a Ali^alij j_Jai_AlA]! ^llal ^_j£U3 toAlill 

^uil LiA tA-iaHll IAjJ (^Ijll) 4 -lquI^]! (kll^jlaui'^l jl (JLa 

A )\.aC. ^gJ] i—kLa (j-a ^c-aLl^jJI 


jl (job) ^gj^c. (jiJal llL^i t(Aj3n\l 


jj JlstAu ^c-aLl^jJ ^_gA <iLa*J! 

.(task) -W* 


J^lA ^c-alljJ! Aajj _La (J-a*J ^Llli] t-Luila^I ^giaaj j-aljVi (j-a <luilui _jA ^'-“Ll^jJ! 

jL J-ai tl iLuLu'i £cJl*-a]l 

;g-aLljJI AjVn Clll j)tn 

ojSIaJI j_gi ^c-all^jJ! (JuCaaj _ \ 

J^lA (J-vuMA j_gi (^c-aL^jJlj _y ai (Jjl (jljlc-) ^atljjll 4 jIaj (jl^lc. ^Aaj .2 

.(program counter (PC)) ^-Li jA\ aIac. ls ^j ^JU-all 

(_^a 4ll5La lAA i^c-all^jJlj (Jjl jl .IvvLl ^la-a]l .3 

JiJA (_)•%.u.a ^gi <iij)aj ^aJJj <JjuUJ j )]I o^jSIa]! (j-a j-a^l 4?tjal^)J.JI AlAc. 

.^tJLe-aJI 

jlj ^aVl (^1 ^.iLo] ^c-al^jj]! A!Ac- oALiJ) _4 
^aUjt^Tvi (jl]! Ajillj ^3 .5 
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Jji AY'll I aJa 1 ^oisLLs 


(^c-aljJI aIAc- 4j jjAil) < 4 !) j-aS/i j\ >Yts| .6 
_4.lL (_ 5 i]l j^\ j-lAYl] j-alj^l a!a& aAlj j .7 
.^dljAallj (_5-l^ j-a'lM A-liilij ^3 .g 

.^Aalj^jJ! Alijj ^g. gJJJ jji ^gj] ajI jlryll aAA jjSLi IaSLa j i(5 ojlrvll ^_gJJ L^j) .9 

(processstates) cIjVI^ . 3.3 

Ale. t(ready) Ajknll ajAla. ^Aal^^l baa ^ ^Aal^jJI iJj-aVi 

Alijj ^gi ^dla-all jxluiJ 113 ‘(running) ^ ■ .aJ ^dla-all gxUjjll Alijj kllAl 

^ u.->)3 iLa A. LLuiS (IjSj-a) (Jdtjil]! ^- a lj j )i]l ^dla-a]! Aj a3jj A3 j t(J<l9 ^gla. 

4_AaAl j!i£l ^)a.l ^Aali^jj a!*-^-^ A3j t(blocked) j J) > -a 4jlaJI aAA ^_g3 ^yki^jJI 
^)4*1 ij jl) 4 il,a»II aAA i4_iLac. ^g-A ujj aj£lAJli 2 yki j )ill (Jjiil .(!iliLa) 

;aljAl ^da_j-a La£i as^! j)-a l^Jtdj 


.Alj^-s’iW ajAla.j lAa-Liul ^i 4_ila*JI ](new) 


AlAa. • 


uai^lj a jSIaII ^gi 14 mVi : (ready state) kjjAUJI kLa. • 

>^aVi\\ a jAl_ 2 k 

j^jIjj) ^dla-dl luiilll aaIaj 4 jl,a»H ;(running state) klta. • 

.(4 il.a» II j-alji Aliij aIauIulI ^-d^Jfll AIAc- a)> ‘"*a 

A-isjj Uai& :(blocked state or waiting) jUjui^l jl klU • 

aAc. AjlimV 4ala*JI A_ii3jj ^2i .ajj-v~\<i 4 il.a»ll aAA ^ n«-ij t4 il.ac. ^dls-ail 

Ai.Vy jtVnj 4 il,a»H (jl ji i4_iaaI j!l£l A^^pd 4_ilac. Ak^lull] 4 -yl ~y II Alka 

(JdSI AS 4_ila*i] ^j^i.^ry a£A]I (jaj>il a) J l ~ a ~i U^*-' 4 (event) 

.(4_iLaJ>]l kSjLutA]!) 

fjiji tl^Lat ^g^iil as kilaaJI jjjSu liA ; (terminated) ^Wkiyi • 

dil£ ^1 a^jSlAll a^tiklj tl^-aAilLui) illulS ^5^11 AjIj>i]I jj^pAi) l^jla 

aJj5 (Ia j >~i J y~i 
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Jji t'l'iMl aJa 1 ^oisLLs 



A lLajtli f-Lkijl 3 4 

Process ) 4 j Uadi LijCl ^a3j Lg .,a.>.i.iJ jjSila jjc- jIAjj I—Sj*J 4_iLa*JI aLauj -lie- 

.(Identification Number (PID) 

](J!La 4 i\.a» \1 aLuiN 4 dlL-a i._ \\ u J\ c*lH iA 

(_faaj La lg_La u")l i\,a»\' (_j^s AjAad! LLuli 3j*>«‘i^ ^»Llaj Aic ;^»Llaj]l 4 ng~i • 

L-JaUlj j Ja*j La l^Laj 4 (background) ^ 

oAiia 4_ilac. ^j3j LiLiai 4_iLac- aLLN ^Uaill ^gC-.Vnu’i 4j\,ac. • 

(parent) 4 - 1 * 4_iLa*JI ^>fixj L 3 Lac. ^ IaAc-Luij 4 j\,ac. (aLuajj) 

C)L\.ac. aLLi! 1 g i^,aj 4_iLa*JI ‘(child) Lh' Jfi*J 4_iLaxll 

CllLlLasdl oAA (_]»a*j A3 ,(2~3 (J^L'Iill) CllLlLaaJI ^ja oj'N A’ .33 La^s IgJ aLij! 

1 g 1 .^ 1 * ) finin'\ ji A^lj Cll3j ^^3 Lua 

^Ac. La-jJlj-a l^ki ^AVnu.a\' jiL La Aic. ;oAjAa. 4_iLaC- aLuaj] ^AaJLuadl i. lU-a • 
/oAjAa* 4 ilxac. aLLN ^AaJiwaa]! (j-a L_illa Ia^ 3 4j_jLi 

^ja l—lllaJj d \\ l\.a» \1 qa 4-aJ^a. ^»Aijjaba]l £daJ LiA ;(batch) 4-aJp-LM ^l^-all • 

La (^jda ‘■‘La^ad! ^^3 4_iLa*JI Ajfllb ^.LSaill ^jilS tlAAjfljj ^liaj 

(_]£ Aail (jl Ia^Aj lAAiilij IgLUajL ■‘CLldl 4_iLa*JI Ajl^a 4j Cllajj! 

_<LaJ>aJlj aA_j 2 «._j^]l CllLlLajdl 
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Jji t'l'iMl aJa 1 ^oisLLs 



(fork()) C 5 ^ SAjja. k4*c. 3.4.1 

^liaj ^ cs^J 4aLaC. (.{July fork() j»llal31 s.Ic..1Luj! ‘w~i.nl (jS-aJ 

IglLinl ^1 4_iLa*J! ^Sj III Ia c.lc. jluil aIc-j i (agrements) 

C 5 ^' kiUall <jjl jjSl o^jAa. kiLo pUn) j& fork() <j\' .(process ID) 

j-aSn t—iVl 4_iLa*Jlj (jj^l 4_iLa*JI ^iil t jjjVl 4 i\.a«11 e-Lialj j)l ^aj .l^lic-JlLujI 
4-ajq\' jLiiis.U l_jSM 4aLa*Jlj (jj^l ^SA-aall jjjj Jyxalll (ja AjV ,fork() 

:fork() jJI 

.33 4_iLa*JI $.Lal] jji C5-^S '-^- 3 ‘kJLui fork() <j-« 4jta.l^)ll 4-aaall Cl±il£ lili • 

_(Jja3 

32 4 ;U»II jl t5 l*j 13^3 t(jJ^l 4 )l.a«ll jq..o fork() kll^ll jl lij • 

.r-laaj lAf.Luall 
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Jji t'.'iMl aJa 1 ^oisLLs 


4j\.a»\l pijj 1 §jc..1LujI j^ill l_iV 1 4j\,a»\\ i_i>j» piij fork() • 

.(process ID) 

o^jj .sys/types.h csi pid_t j* kiU*JI ^ij • 

piij ^ylc- Jj^aaJ] getpid() jk^l ^l^akuil UjSLajj 4p3jj 4_iLajdl pijj Jjllaj 

4_lLaC. «iLuulj 11 a3 Clua. 4fork() (d-lakuil A-liiS ^JajJ ^Hil ^t-alj^jJI _A_lkojeJl 

j-«i ‘getpid() kiL“d' kbj*j fij ^s~ fork() s-l&k-uilj 

la.^>a-a 4_iLa*JI 4 3»an«l_yj a^ya j L_lVi 4_ila*JI 4jaxjjl^j ojx ,^ijn pfilltf 

(J^-aaJlj 4_iLa*JI p-Lkl j>1tC jU^aikl (jkaj .pid ^^li-LaU (j i~iq\~i-N..a ^jjlLajS 

,pid=fork() j* j j*\ J* (fork(); pid=getpid()) kjWl' ^ 
#include <stdio.h> 


#include <sys/types.h> 
void main(void) { 
pid_t pid; 
fork(); 

pid = getpid(); 

printf("This line is from pid %d, value = %d\n", pid, i); 


} 

iJuiiill (exec) (dJaiH f-lc-Jluj! Jla jju^nl ^ (_£ja.i ^Uai Cjc.lc-.iLui I ph-C~i.nl (jkaj 

.kiWil plgiV exit 


.3.5 

j_jl (_)i» .Will plJaj ^ya L. lliaJj-o l§-j3 ^ya I ^a.^ 4 i\,a» \l ,Vs‘n 4*J 

(Jjoijj 4ij4a-dl 4_LL»JI Cilia.jLa exit ^»Uaj31 c!.lj c-Ic-CLuAj dkj Igh-vj 
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Jji t'l'iMl aJa 1 ^oisLLs 


jJjaLu (Jjjcuu]l ^»Uaj ^jk J Lajjj 6W3.it ^»Llaj]l plc-JiLail jjc- L-l^l 4 

4_iLax]l 

;l^_Lo (abort) ^44^ 4 -^ ?J*4 

_4j A ,}jI_ja]I • 

.(IgJ 4 -n! ) .laj ^aJ o^iLaJI 4-a^-all) (jjVI 4_j La] ^Li1 

.exiting <^11\l • 

,4Xac. l_)LM tij Juixill 4 L«al^aj (3^-^ V Jja-Lliall ~L»' • 

.cascading termination s-M *4^4 c£ • 

;4_iLa*JI l_ il ±m) 

.(l^Lac. (J-ajSj) ^xaAs plgajl • 

_Uai. Cllj-la. L. liuij • 

4_iLa*j • 

(Jjiajli]! ^Uaj ^jic- Cllj],ac- ji ^g.i.ajj (^gli]! L L.']l tljl plc-JiLail (j^lflaJ 

;(JjiSLiS ^^9 ^illaj djlc.lc-.iLa3] 4liL«si ^ (joikii] 

/oAj^. 4 jUc. a.Lij'^ fork() • 

.^uW. Ajiii] exec() • 


.£ jj^i' j 44-^ exit() • 
.jUiLLU wait() • 
.44-^ Kill() • 
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Jji 3 'iMl ala 1 ^aAlLa 


.(jja^iLallj dilute-31^1^1 o3A ^3aIimJ C 4-*-Lj kjj~i^.a\l i_)^ x ) 3a jJ 

AjujjJ (_ 5 l Iginlii (j^S) ^Uaj lA3iiii allljlaa 3ajJj 

.(jja^/Lal] j^ajl ‘((_5.J^ l>^ 


.3.6 

3a Ij <—kja_^ tillliA (jlS lil .e-!iLa*l] Cl)La3a ^»33J iLa C. ilS>a tillliA (jl (_j3aji3l 

uji .((single processor system) ji 3_uAall 4_ui) 11 aj) ui^L 

33 e-^Lac- <li3 3a_) 33 j t<-_ala_jA]l 13^1 l_iA3iuj 4_Lal*-a jlai^ i. n^-aU Jj-ac. (J£ 

^>a! i—alsL) j_ji c(jUajj| <- Qua 3a_l) ^gj!iLal*-a JjlajV 1 ^Uiu 1 

<jJ)Ala 4lla ^ (jj^^JaiLa]! a-!iLa*ll (_j£ (jjSxui <Ilal! o3A ^ _a_SU-a]l 

i_iJa_j-a A ^3aj (Jj^j (_ya (Jjl) Ja33 3a I j (Ji^C- adll lA ■ -> j ‘(ready) 

■dLal*_a jaii 33 j ‘((running) klla <^3 4jl (Jaa*ll liA) l. ii£>a]l 

4iac- (_)-aj£il 33 Jj-aall l3A (jl (Jjkj liAj) I^SLujj t 3 *1 a. L_lifLa]l ^ja 

jj& l]±a*1\ <jljjl j! JjluLaJI 3a.j lil cii3aj I 3 U <j£ij .(terminated) 

oJ>aaj) Ailjj! (jLaS! (jial (Ji-aall I3A <Lal*-a jlai] <- ‘jlajkdl <_i3jjjui ? !iliLa <LaifLa 

.<k-a3U]l j'jjV' j- > > '.;! ^ja3jj ,_ya jrjaj <ji Jj-a*^ Ua .((blocked) 

L-iifLall ^ajj <jjU-a.a\l 4_}3 j ^glc- !^)iai LiaaL-a (Jj^aai AaJ'haj a-lic. 3 *j 

kiJjAlall 4lla ^gl) (_>aij) J>aall <1la (j-a <J_jaj (jVI) ■^lLal*-a JLaSV 

t. qJ-ajkdl <1 ^ajuiJ ^^)ai 'i^ya D _JJ^ jlaiiajJj ^((kjjUaoll (Jjj^uall) 

- (3jiill\1) ■‘CiLala-a JLaSlj (^clla-a]l) 

(JljSLyiV I^Ala ^a-ajjui c'UaLai i_ 53J^ (JaaaJI <Lala-a t_ila^ail ^^>3J La3ac- 

(jVI Jjalau 3j3all JaaaJI I3A t(t_iu^all kjl3j 3^"^^ J 4 Asdt Lille-) 3j3a J^-ac- 

-( aliai]l jJkuiJ l3^A j t3iiii3l ^1 4j jAlall (j-a 


(jjiij ^3 (Ji^C- (_ya 4-a3a J. m 3 i klajis (_j-a Ji^i <— ii^aSI ^^3 lii3j (jlS lil 

_(L_iujlall ^Uaj ^ dlla]l*>all 33 *j <auii) 31l3j]l 
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Process Control Blocks (PCB) .3.7 


CjU j (PCB) (data structure) ‘-‘UU ^ 4_iL& 

(JjA^ ^^3 CjLWII AjxjiLjiSH diLmll ^.aVi i(4-3) <_]£jui t4 i\.a »W 4_lujLujV1 

4-iLc- (J^ L11U& uj^j c-ua. ‘(process table) cjUk*J' cs^^j 


;(_)la 4_iLa*JI (_jc- Cl)Lajl*-a ^^ic- 4 i\-a» \1 4 _uj 


.(process identification) <^dl ^j 
.(process state) 4l=» 
.(Program counter) 2 ^'j4' lS 

.CPU registers 2 ^-*^' 

.CPU scheduling information ^1*^1' cjUjk* 
.Memory-management information ®®jhj cjkjk* 


.Accounting information cjLLaaJI CjU jk* 
.I/O status information £ j J^-41 CjVU cjU 

.4 ikadl ^_ya iij La jl.ka 


.4 ikxll Jj 3 (j-a ^, , 'iVn«.a\l ojSlill ^jlka 
.4_iLa*JI 4 4^jjLal! djliLall (JiLa 4_iLaaJI 1^-aAiCLaJ j-ali 

_4_iLa*J! Ulji 






A \\a* \\ 
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(J)* ^)Vl 


^djLiLill 


.(PCB) ^ ^ CjLqj1*-q 4_mj ;^4“3) 

(Contextswitch) ^ 5 %^' . 3.8 

4_}J)AlaJI 4jla. JuillSl <Ula. ^_ya 4_ila*JI (JjVt'l LoHic- C'tl CllLajia-a aCaHuij 
Jaia. Cln~s i(_£^>a.i 4 j\,ac- Alilij 4_ilaC. <_aj3jlij ^»jL IaAic- . j-y-vll ji 

CllLajIa-a (JlAal) ^lil tPCBO cs^ (PO 4_lLa*Jl 5llLa) l^il^jJ ^li A-iLaaJI CllLa^la-a 

.PCB1 (j-« (PI ^-^°) 1 &.'vi'il 4_iLa*JI 

^^3 PI djLa_ji*-a (jjJyalij (_£^>a.i a^ya PQ Clil) (JliCllJI ^Uaj lil 

jaj ^_ya .lliLuIl 4 j^a x. 1 Jail■ n j Cilia. PCBO O* PO ClsLa_ji*-a (JlAaj ^li PCB 1 

.(5-3 ‘PO •‘CiLutll l^iS Cl 134j 4 )-»q 1 

^ Cilia. i4_La clalLuws JJC-j jjC^-<s (jj^J (jjlillac. (jlJ (JlalijVl ^jaCiuiA]' 


process P 0 operating system process P, 


interrupt or system call 



.(PI J PO) QUi^c - (jJJ Jliijj :(5-3) j»3J 
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.3.9 

oAAjjAj <■ aft 4i^>*-a (JjialjJI ^Ikil AjV ijjAilj ^glfr 1 Kaljj Aaii LaAifr 
^gj] (Jjj^ajll (_5^J £ill*-all j_gi Clli_jll 4~u.^>-\ Aal ^t-aLi^jJ (_]£ (jl ^_ya ALill ^t-al^jJI 

^t-alj^)! (_JS £-a (JjacuLi]! ^llii Ualalij lilli JjJ&alllj .^^>al!j (JaAll . J SjSIaII 
(jjiij (_^a 4 ajuii liAii IaIj t^c-ali^)!!! Ia^I 4_}Lac- ^ >« i n«°l (_);»uili lla3 ILli .4 il-aaA 


till \th (jj^j CluskJ i4_i_juii]l oAgJ 4jlac. s-LuijL (Jja-Aull ^Uaj ^janifl 

ift.alL> 1 ^gi ^jjl\ ^al^ill (JS ^glLilllj ^LjjJI f^ya 4ll*juj 4 -n mi (Jfll 4_iLaC- 

^Uij Ig l-ac. ^Lijj jjAj Cll jl-ac. (jC- ojllC. 


Ctrl+Alt+Del <^ iC - Lilia, t^ljl^aj Aiij c il il<a» 11 4A^)*-al 

^ (j^l lU*j cs^' caLAaxII JS (jjja Processes ^ j^' j^kia 

(JSj 4 i-aA-vll dlLuijjoall ClllALAaaj (JjitAiall ^Uai C )\ il-ac- l^-A Laj liljjl^a. 

.(6-3) (Jkall t4_jLaC- <_]£ 4-aAalLui) (_5All o^jSIaII LSJ^J ikwjji-all tila-al^)! 


S Windows Task Manager 


File Options View Shut Down Help 


Applications Processes Performance Networking Users 


Image Name 

User Name 

CPU 

Mem Usage A 

llIEXPLORE.EXE 

awq 

00 

50,048 K ■ 

svchost.exe 

SYSTEM 

00 

3,832K 

alg.exe 

LOCAL SERVICE 

00 

3,804 K 

wuauclt.exe 

awq 

00 

5,856 K 

taskmgr.exe 

awq 

01 

5,272 K 

spoolsv.exe 

SYSTEM 

00 

7,160 K 

svchost.exe 

LOCAL SERVICE 

00 

8,460 K 

svchost.exe 

NETWORK SERVICE 

00 

3,756 K 

svchost.exe 

SYSTEM 

00 

35,292 K 

svchost.exe 

NETWORK SERVICE 

00 

5,168 K y 

stacsv.exe 

SYSTEM 

00 

4,280 K / 

5kype.exe 

awq 

00 

40,312 K / 

svchost.exe 

SYSTEM 

00 

5,812 K/ 

GoogleToolbarNot. 

.. awq 

00 




nn 


| WINWORD.EXE 

awq 

00 

48,808 K | 

services.exe 


uu 

0 , auo 

winlogon.exe 

SYSTEM 

00 


f sf'44. RYP 

SVSTFM 

nrum 

k v 

O Show processes 

from all users^.^--^" 


| ErdEiatwr—t 


CPU Usage :|1% | 


Commit Charge: 364M / 2428M 


>)JJ Cf* 1 

V 


v^'uUAil 3L>J^ 
>U2 _j'v JA>-jJm 

’ Ak'l 4 mmA 


^3 C1iI_iIa*J 1 o^ALki-Q cJ^ j ~ iJ 


.IskLi <^aJI ja (user name) JS <j> ^ (6-3) Jkill ^ 

■4aLuuill tdlAS t4 il,ac- JS1 ^Aaiowill ^gllall ^la-all (j^J) ‘CPU Cllaj j^laj Lmaji 
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.(Mem Usage) 44 uJp^ y4'j «j^' t> 

‘awq l^L* > «1 1 ^la UU& jA (WINWORD.EXE) ^jjj jj ^4a 

.48,808k sjSli ^ ^kluu j 


^ 4 i\a» \l cs-^ - jjAa (jA l^alilj 4 i\ac. jilll U'i^a; 

111 c4jULa& i—slLi ^-iLlmj ^. 'iVnu xa JS <_j\ 4) 4_mi]! ^ .End Process jjl' <4^ 

J£ li) V) jjj^N! jjAiVnuAl' C')!j\aC- i—slL) ^JaluU Vj i jClc. ^iVh«A jl£ 

.Administrator ^ jAa 

(jjjij (4 i\aC.) ^L-aU^jJ jA jii£! 4^ tSll jdjl) jj-lilj j! jA 4" 44 

oJl^lj 4 iLaC. ji 4q;q-dli ^ILla]! Clllj o crj^, ,.o jjc- idA jl V) tCllSj]! 

.IAjjc- 4_ilaC- dijjj i(idle) 4iialc. jj£j La-lic- ^jij ^aJ 4d^!_j]l dia_j3l ^A J-a*j JaS3 
Cl) )~v ) t4uLaC- jA UutCull jfLaja ^dl*-a jA tillLaJ CllLlmlaJI ^ La! 

.C1j3j]I (jjiflj £cll*-a 4_jiac- <_]S JiliClj 

CI-)!i\a»\I (Ja1»"i\\ .NET 4l1^< < al,’'lV'niil 

CliLlLaxI! CllLLlil (JjaasjIIj U-na'^i] ^ajul) .NET ^ .1 A -a !^k ' _ a jL^i 

^gJLaJ! U-naU^j klLa. ki^ja-al CllLaji*-a]! odA ^IdiCLujI iLLSaJj ^ JaxI) 

.1^3 i^gk jV! (Ja*j (^jli^! CllLlLaai! 4 aL jc. CllLa^LtA (Jjt^rsW j! 

visual basic.net <>!.^Uj ^iUJ! dLa^U jj chU ^a aA j*a 
aAjsuA .NET <jj£a <^A Cj^.^1 process *—Lac=J! ^ vvLmj y4-^' ^aL jA\ 

;i ilE ^Cajli UlLll! ojicd! .(^laL^jJ! IdA) UlLaJ! 4 i\a»\I CllLa_jLtA 


Imports System 

Imports System.Diagnostics 

Module Modulel 

Sub Main () 

Dim thisProcess As Process 

thisProcess = Process.GetCurrentProcess 

Dim pname As String = thisProcess.ProcessName 

Dim started As DateTime = thisProcess.StartTime 

Dim pID As Integer = thisProcess.Id 

Dim mem As Integer = thisProcess.VirtualMemorySize64 
Dim phymem As Integer = thisProcess.WorkingSet64 
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Dim primem As Integer = thisProcess.PrivateMemorySize64 
Dim priority As Integer = thisProcess.BasePriority 
Dim priClass As ProcessPriorityClass = 
thisProcess.PriorityClass 
Dim cpuTime As TimeSpan = 

thisProcess.TotalProcessorTime 
Console.WriteLine( "Process : {0}, ID: {1}", pname,pID) 

Console.WriteLine( " started: {0}", started.ToString) 
Console.WriteLine( " CPU time: {0}", cpuTime.ToString) 
Console.WriteLine( " priority class: {0}, priorty: 

{1}", priClass, priority) 

Console.WriteLine( " virtual memory: {0}", mem) 

Console.WriteLine( " private memory: {0}", primem) 
Console.WriteLine( " physical memory: {0}", phymem) 
Console.WriteLine( " try to change priority ..") 
thisProcess.PriorityClass = ProcessPriorityClass.High 
priClass = thisProcess.PriorityClass 
Console.WriteLine( " new priority class: {0}", 

priClass) 


Console.Read() 
End Sub 
End Module 


Ajla*JI (JlLa li] Jajj (“tiLac. n.ot j histi die. 

^ ) A\S<, AjjALIo oj£ldj 4 iqi'qy ojSId qm j La tJJ) 

oLa jjj*j ^-a (priority) 


■ file:///C:/Users/osman/Documents/Visual Studio 2008/Projects/i 


Process : currentprocess.ushost, ID: 2572 
started: 19/09/30 02:16:18 O 
CPU time: 00:00:00.2964019 
priority class: Normal, priorty: 8 
virtual memory: 172236800 
private memory: 20668416 
physical memory: 18632704 
try to change priority .. 
new priority class: High 


(JS ClsLa_ji* - a A3jiL-2ua saLudll CllLlLaail ^j/j-y (jc- CllLajLoi]! 1 i&aj Ldaji 

o^jidiJLl CllLlLaail 


Dim allProc() as Process 
allProc = Process.GetProcesses() 

LaS <iLac- (JS Cl)Laji*-a ^adaCLuii ^aJ 
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Foreach thisProc as Process in allProc 


AjlaaJI 


ClsLa_jI*-a \ 


Next 

L> AjA cjliLxJl .9.10 

1^j 3 Laj (jVt J-a*j Cl)LiLa*JI ks^)*-a (j.Nnl t4i^,ai 

.ps j*VI ^l-ikluL ‘(process identification number (PID)) 

A».i jAj t(Ubuntu) ^Uaj ^ ps j-<N' 1 Vi^j 

.(7-3) *'Ii\l ^3 LaS ^1 la ill ^gSt (J^mu <_s-^ CllLiLaaJI o-lA \.J'ua1 Cl)l*j jjj 


Eile Edit View 
osmanl23@osman 
PID TTY 
8752 ptS/0 
9232 pts/0 
osman123@osmar 
USER PID 

osmanl23 8408 
osmanl23 8410 
osmanl23 8411 
osmanl23 8493 
osmanl23 8501 
osmanl23 8502 
osmanl23 8506 
osmanl23 8509 
osmanl23 8518 
osmanl23 8519 
osmanl23 8525 
osmanl23 8526 
osmanl23 8533 
osmanl23 8556 
osmanl23 8588 
osmanl23 8589 
osmanl23 8592 
osmanl23 8596 
osmanl23 8599 
osmanl23 8603 
osmanl23 8607 
osmanl23 8608 
osmanl23 8609 


Te rm i n a I Tabs tie I p 
123-desktop:~$ ps 
TIME CMD 
00:00:00 bash 
00 : 00:00 ps 
123-desktop:—$ ps 
%CPU %MEM VSZ 

0.0 0.4 7296 

0.0 0.1 14340 

0.0 0.7 28952 

0.0 0.6 22600 
0.0 0.1 2696 

0.0 1.0 41096 

0.1 0.5 28480 

0.0 0.2 5776 

0.0 0.5 15848 

0.0 0.0 1772 

0.1 2.2 50100 

0.0 1.8 65220 

0.0 0.3 41120 

0.0 0.2 5372 

0.3 1.4 21952 

0.0 0.5 14696 

0.0 1.3 37084 

0.0 0.5 15816 

0.0 0.9 62548 

0.0 0.7 28184 

0.0 0.4 20764 

0.0 1.1 24268 

0.0 1.0 44848 


UX 

RSS 

4368 

2048 

7540 

6248 

1224 

10296 

5752 

2248 

5616 

536 

22804 

19084 

3200 

2080 

14840 

5752 

13460 

5960 

10044 

7524 

4628 

12180 

10544 


START 
15 : 08 
15 : 08 
15 : 08 
15 : 08 
15 : 08 
15 : 08 


15 : G 
15 : G 
15 : G 
15 : G 


TIME COMMAND 
0:00 /usr/lib/libgco 
0:00 /usr/bin/gnome- 
0:00 x-session-manag 
0:00 /usr/bin/seahor 
0:00 dbus-daemon --f 
0:00 gnome-settings- 
0:02 /usr/bin/pulsea 
0:00 /usr/lib/pulsea 
0:00 gnome-screensav 
0:00 /bin/sh /usr/bi 
0:01 gnome-panel --s 
0:00 nautilus --no-d 
0:00 /usr/lib/bonobo 
0:00 /usr/lib/gvfs/g 
0:05 /usr/bin/compiz 
0:00 bluetooth-apple 
0:00 update-notifier 
0:00 tracker-applet 
0:00 /usr/lib/evolut 
0:00 /usr/bin/tracke 
0:00 /usr/lib/gnome- 
0:00 python /usr/sha 
0:00 nm-applet --sm- 


.ps us (>ij jjj!) (jaSnl ^ oLiLmJ! o-iaUCo :(7-3) 


CllLlLaaJI i^ya \ liS^aJ ^lill ^Uaill Cll'a.lc-.Vui.i' iA Laiaj! 

(jjaJLallj 4ja^a^)JI -diLa^l (ja .A^jJ ‘.3.4.1 ^ IaU^A 


”4 ,ag ,a” 4-alS 4_iLa*JI ^glc- ULia.i (jilaj A3j . PIT) Ly .a.iaU A^jLa 4 )\,ac. JSJ 

. J* (task manager) ^ ‘(task) 
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dlLiLaatll (jjj (J\ 3.11 

independent or ) jl <iaiuu> o^^dl cjLla*il ^ 

CllLlaaJI Lai idlUlaC. ,j-a LaJ jjLlij jj jj 4jjLLLa]l CllLlaaJI . (cooperating 

4 lilo^l 

interprocess Jl^ajl 4jjl*ldl ejbia*JI 

csi ^ iJU-aj^l (jji> (> <jjc-jj ^jj ciua. 4communication(IPC) 

4(8-3) 


Shared memory sj£li ^j • 


Message passing ji' lio^ 3 • 



(a) 



(b) 


t c!jl \\ a *\\ (jL-aliVl ;(8-3) 
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.3.12 

;4 .all 4 jL^VI 

IgJuj La-l9 (J..a'n kjjljCLal! CllLlaaJI . 1 

.ClsL<sji*-2! jjio] • 
.Juilill 4 e-jjoj (Jjlal] • 
Aaull • 

(1) V • 

•4_iIal^J! 4 jL^^| jno, <aJ ^ ji ^*-lJ L_LaJ .2 

4 .ai.viil A )\,a» \\ PCB ^*>^'*v ^Usull ^glc- llxac. Aifljj] ^la-all Jail] LaJlic- • 

| aJU .CiJlaJI <lLa*J! PCB 

Jjlj-ail 3.3c. L-jS/I 3lj Ijj (abort) AiUall s-lgil] L-jSH ^j3j .33 • 

lil cV ,4l 4 Jl 

aJLc. (exec system call) ^l&^Luil l jAiA ^ • 

forkQ tV 

_Jaa3 ^1 jllL 1&$.11 jIj 4 i\,a»\1 Jiajj j_jjfL]>« (_£^)i.l 4 i\,ac. 4_iLaC- *..«Vi LaAlc- • 

. Llajl ^Jl jllLj (jjSj 33 

;s^lc.i 4juull diLiLaall (jJJ t—iLiml ^jJaj .3 
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^.4 (Jj.W.a .3 AaJalLa .2 (J^iO . 1 

.6 .5 
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JJC- jjjUj .3.13 

? (process) *-3 jc- . 1 

? ^j]U 4i!4*JI j^ajj £-* (process states) ^*1' clVU. jSil .2 

? (PCB) 4 l\.a»\l dlLa_jl*-a 4_iii dlLjla-a La .3 
? 4_iLa*JI a-Ldil d )1 \ u ma ^A La .4 
? 4_ilaxJ! f-l^Lj Cl )\ Alm>a .5 
(4_llalaJI 4jLa^n ^j~v i ^a) ji ^*_i) L.1 -nI .(} 
?Vjl cJLal! Jj f !jl! 4_lxaaj L_Aaj AjiVil • 

Al^ji <^11! 4 i\,a»\l dlLajia-a iaia. ^Uail! ^glc- t4_iLaC- AliHl ^la-all (Jill) LaJlic- • 

_4£jLuuJI ^g-ajuiJ La ^)JC- CoAjAall 4_iLa*JI PCB (PCB) tgiuSjJ 

jjlj-ail .sac. ^ Alj 1 a] (abort) Lw*^ 4j\,a»\l a-lg-jb L_)Sn ^.jij as • 

_4j 4_jk^u-£xa-al! 

<Aa& c-LdiV (exec system call) ^Lk4l *lcAU L ySiA ^Vud • 

/oAjAa 


? (_5 jljLllj f\ ^Ijlillj Lg-Lij 4_iLa*JI Ail) (jj£j■ a (_£ ^)al 4_ilaC. 4j\,ac. ^dil) LaAic. .7 


?(4jLaj£j oj£!a] 1 ^ 4 L,aVi 2>a) Alii) ^)£a! .§ 
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l^,! jl! i_jUI 
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jll i_Ll! 

(CPU Scheduling) 

ji&l lillliA <jl IaU*^ (multiprogramming) jd' ^ 

^dla-all Jiilil oJjAlaJI CllLlLaaJI (j«a 4_iLaC- jLiiaJ 4 ,ag -a .(4jj^j.ij j]l ojSljJlj) oj&La. 

Jj^a]| \ g a iVumj (U*jjlj=JI) 4I1 jUlj ‘(scheduler) Jcs^ 
.(scheduling algorithm) <5j^' VOj'jU- cs^ vL“d' 

ojSljJlj o3ja.jA]l CllLlLaaJl (ja 4_iLaC. jliikl ^it, ClijLaaJl (ja (jJa^aJI 

LaK ^dla-all (Jladijl jlj LaH) Vj^aa Laj3 £c]la-a]l (jjSd Cl) l~s } i^-lla-a]! ^ Jiajlil 

.(CPU utilization dj.il j 

(CPU I/O Burst Cycle ) ^ Laxll S^)jC .4.1 

UjI^ lillliA jjSj <j! ys (multiprogramming) jd' ccaj c> ^-^Jl 

.^Jla-all (j.a (_g o-ililLuil .ilflluj C-L13J Juiiill dlaj 4jLaC. 

(J^l-S (_]-a*j Jaa9 o^lj 4 lUc. tillliA (jj£lLui A^lj]l ^dla-all jj l_ UuLaJI ^ 

csi (multiprogramming) jdl ^ Jlilujj ;ica.l j\\ ^h-dil ^dU^dl 

Cll3j (j ja.lL.ij IjAj) ^ ji. <il jaJ ^1 ^dl*-dl 4jLaC. d1-^1'UI lj] 4jl 

(_U,.dl jUaljl (Ja*j ^ (JJal<~- ^dla-a]! (jjfLljj c(4_aJla-a]l (jaj £' <s 4jjlLa 1.1a. jjj£ 
^dla-all (_j-a -llalLuj] (_£ ja.1 (Jla,.llj ^dla-ailj ^^lill 4jlaaJI ^Ij^l /j dlljJ jaJI jl 
l^al ja.1 ^1 4jLaaJI ^;Wi,. *< ^ jiJI ji (JLaliSj .lie. .Laj.1 ^ . ‘ ‘1 -O 4\a-^j 

.(^dla-all 4j-aj9 laj La.lic.) .Us'nll 4 L.^1 ja 

^ jajl <Ja..l ^liiaj la-lic. jCL 13 ^li 4jladu ^dla-dl ^ OJ^ 4 iLajdl (jjl 

jl ci^-d (_^^)i.l o^a L_a3jjj J3j jl (_J^^l]l (JLali£l ^1*J (J-a*ll] jCi 

.^gVn 4 -y \1 x a j (_J^3 jjJJ 4uLaaJI Jijlu C3 Ij^SA j (_^^a.l a^ya (J-aaM 

^ jik jl jUaljjj (CPU burst) gJl*-aJI (J^lc Cjili (jjj Igjjj 4j.Ua.II (_^l 

(_jdl j)-a Jjial ^dla-a]l (_UJc 4jLaaJI I g u>iVi Clll jliill ClljlS Ijj ,(PO bUTSt) 

Igisj jlS Ijj Ul t(CPU bound) 'CiU’d' u' ^j' jlhinj ^ 

(ji J jftja ^dla-all (_j^lc 4 u>>Vi ^5^1 (j^ (J^-dl jUallll ^ 4_uCai) (_5^l 
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^ 1 ^ 2 ,.! l "\\ il^c- tiill iga 4 cs^ - 1-^ ■i^lsu .(I/O bound) ^ il<a»II 

CPU ^_4ll (j- 4 (jj£a3 tojjiiS ClsLaji*-a lVi Vj ^Liaj Vj ojjjS 4_iuij^. 
Lgjjjpjjj eisLUJI (JLk4 L&- 4 4 <_1^ <_s^j ^Lidi (^ill diULmdl Lai abound 

.I/O bound ^>^1 (> jjSluia 

J£-1 jjl .4.2 

^ja £-l_jji dj^Vla iLUUa .^dl*-a]l ^1 dLLa*JI (J_^^ (JjAa-aJI 4-a^-a 

t4_j UaC- J j.w ^ (_JS]j tdl^j,Kall 

long-term scheduler (or job ^1 JjjL Jj^JI jl ^l^JI J• 
ojSILlI l^kadij (_>aJU' (> ejlA-wdl jUlkL ^jia (_ 5 ^'j scheduler) 

.AjiiiH oJjaL^ 

.medium-term scheduler -^Vl Jj^ll • 

(or CPU j^3 Jj-^1' j'short-term scheduler ^L^l Jj^a • 

ojSlillj oJ)j^._ja]I sj>aU>JI eiiUlaaJI fjA 4jLc. a-laljlj f,jL> ^ill scheduler) 

(Jj^/I I .a i n4 i 4_iLajdl j)\ n-vl ^ (jLuVI (jjj ^^jiSl.^lLtAll jy •vj j 

^.ajjai Jj^' UJ-*-! (^j (J-a^^l (j - 4 dUlaaJI jL-iaaJ ^ I ‘l l)-aj (jjfLl 

.(1-4) J^dl 4^dl*-all (^1 ojSILII i^ja CllLlLaaJI 



<•*> 

\ 

ClaVj. W ^a l i ;(l-4) (J^- 0 
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Jji t'l'iMl aJa 1 ^oisLLs 



(Jj-la-a ;(2-4) (JSjj 


Long term scheduler - job scheduler J.4.2.1 

.(jUajj'^H *■ CllLlLaaJI (Jl^jj) SjSIUIj CllLiLaaJ! jLiii.1 • 

L_UJjlll ^jJc- LLaJC-l IAiLuj 4jLc. (_^l • 

.(time sharing systems) cs-^ji' -Ldijl ^Vn , n V • 

(Medium term scheduler) jidl J.4.2.2 

/oj£!j) ( _ s Je- If-lij ellLlLaaJI JjAaj • 


.LIU. laoj!^ IgJ j3j 2 ^ ^1 ejLLudl (suspend) 25^4 • 

-LmjjILa (Jj.ojSlill jj-la lL*-! LlAj S jSlill o^lc • 

.(AjjAllall ojSlil! fhVud) JuVi 

(AaVl (Jj.Wxa .4.2.3 

Ajillll oJjALsJIj ojSLJIj CjLlLaaJSI ^ya A iLc. jLliklj JjAa-dl ^jib • 

.41 j^ j (ready queue) 
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2]» t'l'iMl 2a 1 ^oisLLs 


L2L2I 4_ila*JI 2* <£.1^)9 ^laj ^dla-all ^AaJLuilui L2Li]l 4_iLa*JI -Aj-l^j 

.(2-4 J^JUI) 


.Ijta. (Jj.na-41 (jj^-i (ji u_±2 

LJla. ^41*21 ya JljjiLuj ^^>4/24.} jl -9jj-a 4_ila£. C 1-212 lil 

.^41*2! ^gJj jUaliVl *■ <t^a (j-« (_£^)2 4_iLa£. jUajj^l 

\(_yA A )\.aa41 (JjVn La JL»£. JjJla-all .42 

0 ^jlaiLa 2] Dliili ya . \ 
ojj&la. 2) LJUlIu (_j-a .2 

oJ)A 2. a jialLLa ya .3 

Terminates .4 


22 ^Li2 l^-j^ ji lAa-l^liV La) LjLi2 4j\,a»\' ^ jVhu 4j ) Cj^LaJI 2 • 

jLik 4 ja! (Jj 29 iL_L.li 4_iLa£- jLiia.) (j-a 2j-4‘-2) -Ai^ LJ12! oL& ^ j! 

.non-preemptive Jj-4-2' u' J^2' ^ 2 . 


jj\ n-L^M Jja. 2j^21 ll& cJ^aljj 4ij t )jj\ n-Lj A i\.aa41 (jli 4‘2 Lai 

nrpp.rrmtivp 2 qAa-all ,2 < J 2 liA V ,i 22 v2 


“Who is going to use the CPU next?!" 



jJUaII Lilac- 2^a la jjc. : (non-preemptive scheduling) ‘-*a.j2 <Lli jac. LI>21 

• JiilUa. (_$l2 ^ V) l2 ^JLt-all liljaa J Ig-il^ -liliill i2j 

.Jt-SSVI • 


(91) 










Jiar .'.'iMl ->h 1 ^oisLLs 


. J\ • 

Dispatcher cU.4.2.3. 
(Jj-li-a lAjlliau ^glll CllLllaaJI JLujjIj (Jj-H^-all ^ya (_4j-aJ^ 

;<ijUaj (j-aj i^Sla-all 

4ia^JI <2^21 cjUlu Jaia. : switching context ^4^' dj^' o 

.^dla-all ^gi Ujl n~Sl A i\.a» \1 CjULu 

.user mode ^Vu^l l ^j JIjajII o 

.^c-ad^)^]! (JjijuL) o^lc-V i a\I ^ L_LuiLLa]l ^3j-dl ^glj ^Ak]l Q 

A ilac. (_JS (d-a»-i>.M 4jV (jl (j^s (Jjaij-dl 

^-susjj ^ J^jJI cjsjil ja :Dispatch latency J^jV' (>j 

.(4 )\.ac. (JjijuLlj A )\.ac. 



(,Scheduling Criteria) ^j^' .4.2 

Ajj-liJI Jj^)! 3 Ajjls-aJi (j-a 1 n^-a'l ^glll CllLujUallj C'll-y !)-»..-> .all QS**) aAaJLuLj 

;Jla iA gl'i-S-all 
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Jji t'l'nll aJa 1 ^oisLLs 


U Jaia. ;(CPU utilization) • 

« o' 

4-iLa j ajlk ^ Ia jlaJ] ,j5Laj <^11 CllLLaaJI ~^ic- ; (Throughput) 4^LijVI • 

4 n».a 

(jjilouJI : (Turnaround time) (yd^' t>jl') (>J^' • 

.(lAa-l^lil (lA<iLuij|) (j-a) La 4_iLaC. Alili] 

<LLa*JI <^1 ^jll [(Waiting time) jLkijVI (> j • 
4LU*JI l g gdil CjIjjs ‘(ready queue) jUaliVI 

UjuiL «.LjI (ready queue) yd 

<LLa*JI (_yajll [(Response time) y>aj • 

,_ya (4_Aai^l) ^ Jjl <^1 (new) 

e^Vl .4.4 

;^j^l ^daJij ^dla-all <d.ii (jjjuiaL (JjJt.j>[j'lll ^allaj ^gjuoij 

-( _jS-aJ La ^gi-aaL ^dla-all y]!il*[Lai! o^Ll j [^dla-al] od_]J) • 

.4 na.a 4_LLaj oj-ia oJlixall i"llj\.a»\l .He SjLi j ;4_ia.llj'^l s^Lj j • 

-( jS-aj La jdL eiiLiLa*!! Juilll Jd^- 1 [ygJ^ll (_yaj>ll • 

_(jS-aJ La A_iLaC- yJ^J jUajj'^H (-Idsll [ '' y>-«j cJdLi • 

jl^Jij iyjjj y.n>ua'i yjULaaJI Jjta. [(response time) <jLaduiV' y>j Jdij • 

_4e jxjaJ l^jla^a-a 

(Scheduling Algorithms) ^d-iL*jj'j^ .4.5 

[yJlLa 4jj^yi yllLya tillliA 
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Jji t'l'iMl aJa 1 ^oisLLs 


(First-Come, First served) Vjl Vjl <olall .4.5.1 

JjAa-a L-liljJ Cl)Llla*J! Jlijj • 

iUjlii CllLaj ^aJ Vji i_L^a dL-aj 4_iLaC- (Jji Jlijj 

A i>iljj 1 g \.aC- 4jaiud 4_i/ajjlj^. j _I^Sa j 

£daj dil^i lij ^la-all ^ya 4 (JjAa-all <- S.W j • 

.digjijl jl 

L. lldj tJgAlill ‘UajS La-lic. SjjjSII dULaxI] 4xuilLa -dajjljaJl • 

'^J... 1 ^ t — ^ 4 aC ~ *■ L “ lil c^LL^aall dll l\.a»\\ <l£da 

(1) Jl. 

L- luia. lAAlili jllali'il (da ^ Clljl-ac. ^tdajJ ^Ull (Jj-laJI 

Jj-a*Jlj 4_iLa*JI ^juiI 4 i\-a* \1 ^^ac. (JlLal C n~v ^a-dj dill I 4_uaJ^jl_ja. 

; i,' l, i^I t^-llx-all Ja.1.} Ig IxiC. 4_iLac- 4 -nII Vi d3_jll (JIaj 


.(waiting time) jlldVI t>j ji« .1 

.(completion time) J^VI .2 

p2 p3) ^ >m^c. (Jjj^a^jll C-1 jlijli (jlS lil jj[ laliVI (j-aj) lajoi j!La L. lui^l .3 

.(jjk^jlaJI Jjj (jjill Jaaj ^ (pi 


4_ila*Ji 


PI 

24 

P2 

3 

P3 

3 


(JaJI 
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Jji CiMl aJa 1 ^oisLLs 


aAlall i—UJjlii 1 gl-aA-t ^lij t P3 ^li P2 PI L-JJJjliH-i CjliLaaJI CllL^aj Ia] 

l^idjl) C-kaa (^g-lc- dllilaxll ,^i)n (Jj,K^ll (jli ^»Aaj Vjl 

: (Gantt Chart) 


Pi 

M 

CL 

P 8 





0 24 27 30 


.M2 J *\7 = 3/(27+24+0) = JJ^VI o-j J^jla. 1 
.M 27 = 3/(30+27+24) = JI-&VI t>j .2 

jj^j ■" ^la-all JalA Cl \\ i\-a» JSd uli ^ mSa.ll Ljjjjjlllj d \\ CllL-aj lil .3 


N 

0. 

Tl 

>10 

Pi 





0 3 6 30 


.^iilii ( _ ? la 3 = 3/(6+3+0) = jUaliVI 2 kj u!^ +4^ 

.^ijlii 13 = 3/(30+6+3) — UJ^" (JhaliSVI <j-«j -^jlaj 

4j 1^2! ojll5L]l dlL/Lutll dlAal Ia] jUallj'lfl (j-«j -LxuijlLa (jl Jaa.!llj Cilia. 

.Vji djLiLaaJI Aliill lil _j\ IVl j V1 (JaJ) Ja*jj_jlLa (jA (Jdasi 


Shortest-Job-First (SJF) Vjl _>-aaV' <aL«JI .4.5.2 

dl2j (_j-a jUallWl <■ +^»i 4_iLaC. (_JS ^llialLui ^£> L«ALa ^iaj liji (jAal^jlia! • 

.Vjl (Jsl £y*_j ^ iU.il ]ui (JjAa-all (jli i^laUI JalA 

. jUallil (j-aj JamjjlLa JSi ^gJaaj l^j) dna. CllllLa 4_us oAA ^jlliaj • 
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Jji C'iMl aJa 1 ^oisLLs 


Cll3_j]l (J^la 43^)*-a ^^A 4_La o3A ^^3 A-iml-m*^I A \^>«<a\l 

Loa idle J,j3a.all ^1 *j V bllai3 tl^luo 4_iLa*JI 4_^llialLuj 

. j •■ 1 AjlaaJI 43^)*-a L_Ut*^Ll 

4_iLaC- JuaL <iAj 3*J o jiC )l llaC- (J^aaj A_ILa. ^3 i_<i» ^bVl (j>« 

^ 1 ]j b 

Cl )\ ilac. Juaxill i y A Alijiall Cl \\ i\a» \\ t" ' w ; 33 tCllcS 

I'ij 1 

d \\ )\a» \\ S-lia. 4_a3a. ^33J 


C'1-yn.-ii (jVl 1 g j£l ajii^ ULLu. ClulS ^^lill CllLiLaxll £-a 4_ia(Jdal) • 

^ I ]j b 

• LaA (jjc.^1 ajoiilli 

^cJla-al! (J^.b .\iqVi\l biLac. ciilcj b] :(Non-preemptive) <—isjiiil aLIs jje. • 

AilaaJ a_i3jjj ^ 

jUalj^l i—Lk-a J] o3j3a. biLac. ciiL-aj bl ;( Preemptive) <— asjiiii aLIs • 

^j'qn« ^lla-alL lilla. Ciij ^^lill A_iLa*il ^q/lall (jaj)ll (j-a j*<a3l Ig iaj (jl£j 

.llLiCa. Clliaaj ^lill jLi.3jj (Jj3a-al! 


(2) Jba 

,jj3 CllSjl! (Jjjij <^3 CllLaaj (_ 5 ^'j <—SjSjlill a!j 13 jjill CllLlaaJI l ^C- JllLa 

.(J^^ajl! ^jajl jljftj 


A_ila*JI 


PI 

6 
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Jji t'l'iMl aJa 1 ^oisLLs 


P2 

8 

P3 

7 

P4 

3 




J*- 


lIiLiLosJI ajiA jj. W 


J=JI 

CiULaaJ' jj^lui (_LS ^iajj (Gantt chart) 


P4 

PI 

P3 

P2 


0 3 9 16 24 


7 — 4/( 16+9+3+0) — jUajjVI (Ja j -Laaijla 

13 = 4/(24+16+9+3) = J-&VI t>j J^jla 

(3) Jl. 

Vjl (alA^Jjoilj .A^.1 j Cll3j ^3 (Jj^aJ djLiLaC. ^Ic. (Jlj-o 

L OQ 


4_iLa*JI 

<j>a j 

Cjaj^ ' 

PI 

0 

8 

P2 

1 

4 

P3 

2 

9 

P4 

3 

5 
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Jji t'liMl ->h i ^oisLLs 


^»Lai (jjj-all S __)• l+'iV' 1 _L-a CllLllaaJI ClljlS I jj 

ALlill J j^a. .all ^.‘'iVui.i j (■ ’l + ^Caj3 (JjAaXj 4_iLaC- JS 

.(preemptive) 


(JaJI 


;^jJj La£ ^la-all CllLlLaaJ! l_i£ijj (jjSxui 


PI 

P2 

P4 

PI 

P3 


0 15 10 17 26 


;(jli (j-aj; — (j-a j — 4_ila*JI jllallj! L>*j 

10 = 0 - (10 + 0) = PI J-^la-aj 
0 = 1 - 1 = P2 jUail t>.j 
15 = 2 -17 = P3 t>j 
2 = 3 -5 = P4 jU^' t>.j 
^^la 6.75 = 4/(2+15+0+10) = jU^Vl c>j 
14.5 =4/(10 +26 +5 +17) = o-j .k-jL. 


(4) JH. 

j- ^<^VI 4_Laj^)lj^. ^lAaJLoilj .AaJj Cll3j Jjb-aj ^2 Clll 2,aC. ^glc- JULa 

AJjli jjill Vji 
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J]* t'l'iMl aJa 1 ^oisLLs 


A il<a»l! 

Jj^aj]! y *j 

4_iLa*J! (j-aj 

PI 

0 

7 

P2 

2 

4 

P3 

4 

1 

P4 

5 

4 


JaJI 


La£ (jjfL) 3^,1.} CllLlLa*!! i.- I ujfi 


PI 

P3 

P2 

P4 


0 7 8 12 16 


0 = 0-0 = Pl jUajjl Jxj 
6 = 2 - 8 = P2 jU^l t>.j 
3 = 4 - 7 = P3 t>.j 
7 = 5 - 12 = P4 jUail t>.j 

^5!“ 4 = 4/(7+3+6+0) — jUaijV' (>aj Jajoijla 

10.75 =4/(16+12+8+7) = J-4SVI 


(5) Jl. 


_i_a3jliJ 4144! Vji y ^<aVt (JjjLuiI! 14) (344! (J^nM li& 
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Jji t'l'iMl aJa 1 ^oisLLs 


4 lUatll 

(j*j 

4-jlaaJI (j-aj 

PI 

0 

7 

P2 

2 

4 

P3 

4 

1 

P4 

5 

4 


JaJI 


: US Jij^aJ] (Gantt chart) ujU jU. ^y 


PI 

P2 

P3 

P2 

P4 

PI 

0 2 4 

5 / 

T 11 16 


9 = 0- ((2-11)+0) = PI jUui o-j 
1 = 2- ((4-5)+2) = P2 jU^l j 
0 = 4 — 4 = P3 jUuM t> j 
2 = 5 - 7 = P4 jUail o- j 


3 — 4/(2+0+l+9) — jUaij^l <j-«j Jajoijla 

9.75 =4/(11+5+7+16) = JUiSVI <>j 

(Priority) .4.5.3 

Uijj ajjjgi Cilia. 4A_iLaaJI 4 _iaA! CCaj ^>3^1 lil& tl.gj.x j»3j A_iLaC- (JS 

(_14aJ ^Sj-11 (jl j mj li£, lil_9 .(^J(j (J-Sl) Clllc <iL*JI 

4 jUc. lAW ia j 5 *5^ +4ttC. ^2 (jlS lil <jl l^a 

LgUjJjl (jV ‘7 ^3j-^ dllj 4 iU»\l (Jj 3 5 a3_jJI Ullc 4_ila*JI (Jj.W.a\l ^aljjaiS <,"] 

;Ua UlliA 
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Jji t'l'iMl ala 1 ^oisLLs 


.(Preemptive) ^la • 


.(non-preemptive) <Lla jjc. • 


(Starvation) .4.5.3.1 

ciLia. ‘(Starvation)) j=4' ijVl V s jj'j^ ls* 

tlllj ‘"'I ll^C- lA \\ iA J 1 .all la ^lla-all AliUll 'da^jS Lli-lll dll dLllaall 

Ujj 1 xaKj Llkll dll dLlLaall ^La-all \ 1 >« d la. i<a ^glc-l A-a_yljl 

4_l_j]ji L$J dl )l.aC. Jj-aj A3 ^ILa-all A^Hl] Lli.21 dlj dllLaall 

.^clla-all ^l.*iaJiml ^ya l^-a^pd \g l.a ^glc-l 

C5 -lc- (J-ljla <j-aj J-A (J-5 ‘(Aging) ^ jdll l jA ,jbajaJI A 1S > « * <Ja. 

4_iLaall oIa (^gic- dl3j j-a lj] I^Sa j liajJ £3ji Ld 4_i_j]jl dli 4_iLac- 

. Anil ,_^a lAljfLa l^j (jjSjj Uic. 4_lj]jl dli ^JjdLui 


(6) Jl4a 


.(Aalj d3j dL-aj) I__a3jli! aLU jjc- dllLc. ^gic- JllLa 


4_ilaall 

^3j 

4-iLa*JI (j-aj 

PI 

3 

10 

P2 

1 

1 

P3 

3 

2 

P4 

4 

1 

P5 

2 

5 


cM 


LaS ^clla-all Jalj dllil<a«ll (J5 Ali j5Li■ u aAj^\ ‘dajjlja. ^1,'iVin.ilj 
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Jji t'l'iMl aJa 1 ^oisLLs 


P2 

P5 

PI 

P3 

P4 


0 16 16 18 19 


( _ ? 1« 8.2 — 5/(1+18+16+0+6) — j <jj%^ b-ua. 

^^La 12 = 5/(6+19+18+1 + 16) — JbiiSVI i_}Aj i=ujjla 


ul>«j :(7) 

ciiLiLaaJI (jl jliic-Li e_a3jj]] 4_LUi jj*JI A-jjljVI 4jLjlaj (JjjLuiII JliLall ^ 

_("2jj-a_j]l y_j-ac- ^ 4 ibo <_JS (j-aj A^lj Cll3j ^3 Ja-aj ^2 


4_iLa*JI 


4-iLa*JI (j-aj 

t>j 

PI 

3 

10 

0 

P2 

1 

1 

2 

P3 

3 

2 

4 

P4 

4 

1 

7 

P5 

2 

5 

9 


(Round Robin (RR)) 3^' .4.5.4 

4£jl_2ui]! ^JVi \\ 1 t.au.aS. ..o iJjLxaJ^jl£-j_i]l IjlA 

,j-xs ^ jJu ^JLa-aJ! (J_^.b 4 _iiaj 4 4 jLc . JSla i(time sharing) ■Sy-ajlt 

i^gJjSn 4 i\,a»\' ^iil 4_iiaJ)]l 4 k-ts\I (jjjij \ g j Vi 4_ila*JI ^la-all 

.JU-la. (j-a SjLi) t^-il*-ailj 4 ..-rs 4_iLaC- JS Ai.lj Cllia-j ^clla-all (j-aj ■ “ a ~' ^ij I^Sa j 
4_ijl£ 1 *al £_-a (j-^1 ^ ~vj 'i/ji ^yLall 4_Lajjlj^. 4 \ >m~i 4_aj^)laJ (J_a*.j 4_La 

A*i Vi c") i~~> _^lljua]l J_i.b ojj_Lall 4_iLaJ>]l SjJlall CllJLajS! Ijj 4_iLaC. (_]_£ i__i_j2ljJ 
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Jji t'l'iMl aJa 1 ^oisLLs 


100 <^! 10 o& c j'J 2 s “W4 (quantum or time slice) jit 


4_ixaJ) A ..T-. 4_iLac. JS ^ Ihm^ Cl)Lila*JI (jjj ^cJLt-aJI (j-aj) ^uuVn JjAa-al! 

‘Quantum is- 0 -^. L-aja clI <JS1 <jiaj>]l ejjill aia^x ^Lj ‘^ILlaJI »^ha 
Aiii (jl 4_Xac. cJSJ ^ajL.iua.M JjAa-all (j' cs-^s ‘ 10 cy* Quantum 4-aj3 Clljl£ lila 

(_X^Ajj t(jl IVn^l a ’l £^kjj) i4_ijlj ^La 10 #^<al ^bla-all 

Ja£iAj 4_ijLi ^jla 10 AkU] tlfrili 4j\,a»\l 




La A )\,a» \\ 40j^)La]l A ^ja (Jsi 4_iLa*JI A -vl~iVi (_£a 1! ^jAjll (j^ 

4_iLa*JI ClutS lj] XLLa \ gjVi ^^-2! 4_iLa*JI jS.Vi 1 4 ^_ya A -nII-s'i 

XX^alLaS t4jjb <_gba 10 <_^A 4 )\.a»\\ a j^)LaJI 4 CliilSj XjjLi <_5-b 3 ^Liaj 

.4_ijlj <_ 5 -b 10 ‘Lluulj 4_i3^ (jba 3 ^Jl*-alLj 4 i\,a»\l 


jjaJLui CllLilaaJ! (3£4 4_LajoAA L_a3jlii] XLli jjc- C \\ )\.ac. Aa.jJ V • 

_^l*-aJlj 1 g'u^rv jLaj£l Ale- <_Sl3j!i]! 


(8) JbLc 


4 ij jLuu (Quantum) < 4 Laj 4 l_gJ Ci ciLiLac. ^Lill JjA?J' ^ 

.CjLla*X lA$J (JLajS^I X)-aj L)>MjXaj j)\ IVn^l L^j JamjjXa ^ja (_JS i— uni iXliLi (^j-La 


4_XaaJI 

u-Ql' 

PI 

24 

P2 

3 

P3 

3 


(JaJI 


[^Lill JSjuJIS glLt-ail Cll i\.a»\l 
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t'liMl ->h i ^oisLLs 


PI 

P2 

P3 

PI 

PI 

PI 

PI 

PI 

A 


10 14 1 

S 22 26 30 


6 = (4-10) + 0 = PI jU^I t>j 
4 = P2 ^ j 

7 = P3 ^ j 


5.67 = 3/17 = 3/(7+4+6) = jUaijVI ji» 
.M* 15.67 = 3/47 = 3/(10+7+30) = J-2SVI 6-O-k-ji* 


(9) 


_ jUallj^l (j-«j Jaujjlxi L- Um~v i ^20 c 5 ^ 4_iLaC- ^.iLa^ll A tlulS I jj 


t>J' 

A 

53 

PI 

17 

P2 

68 

P3 

24 

P4 


cM 


Jivl-S dlULaaJI ^LSl! 


PI 

P2 

P3 

P4 

PI 

P3 

P4 

PI 

P3 

P3 

62 

0 20 37 57 77 97 U 

7 121 12 

14 154 1 
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81 = (97-121)+(20-77)+0 = PI jU^l i>j 

20 = P2 jUail t>.j 
94 = (117-134)+(57-97)+37 = P3 jUsai t>j 
97 = (77-117)+57 = P4 jU^l t>j 

(_g-La 73 — 4/(97+94+20+81) — jUaiiVI <_>«j 


ji VB.NET ji c# J4a jJ-ILuj ^jlc- (_^L £c-aljjl 4jlli£ lilifLal 

^gJaj Cilia. CllLiaJjjl^a J-aC. alSl C,C-I— h,J/WA JlLa 4jtJ 

4_iaJjjl_yaJI jj ^gJc. Clll i\.a» \l CllUliJ (JlaCl ^CalLai<2l qm <■. ''V' (oliclS) 4-dbai 

._jllalliVI (3*0 -LmjjiLa ^ ll iaI l^-alCaCLui! ^-ali^)!]! qm .1)^)1 15^2 



visual cJ (console application) 2^4=2 ^laj ji 

igdVlS cjUL»Jt ciiUUi JU.cV basic.NET 
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t'liMl ->h i ^oisLLs 


Dim x, y As Integer 

Console.Write( "Enter number of processes: ") 
x = Console.ReadLine() 

Dim z(x - 1) As Integer 
For y = 0 To x - 1 

Console.WriteLine( " Enter burst time for process " & y) 
z(y) = Console.ReadLine() 

Next 


JSJ jUauVI C-lLmaj ^ j'q \ j.m !lliLa 4_iLa*JI ^jujI) d)1 i\.a» \1 djljluj d*j 

: aAU\ Ahjhlh cllij (FCFS) cjUl^JI 


wt (0) =o 

For i = 1 To x - 1 

wt(i) = z(i - 1) + wt(i - 1) 

Next 

(>jj ‘ Wt(0)=0 J* J-^j t>j I ^ A J)^j * Ciu-a. 

4_iLa*JI jUauj <j-aj (jl c\y(l) = z(0) + wt(0) 4_iLa*JI jUaijl 

LuS iCllLlLaxIl (JS L. )1 joiaJ ^AiCb-dj 4_ila*JI liLCa-a 

(■\tyt) djULa*JI jUalij| (j-aj J CllULaaJI (j-a Cdc- (jLi.C'l/ ^.IsCLuaJ <Lal£JI 

;(awt) dlULaaJI jUaH'l/l (_j-a J) JajujjlLaj 


Module Modulel 
Sub Main() 

Dim x, y As Integer 

Console.Write( "Enter number of processes: ") 
x = Console.ReadLine() 

Dim z(x - 1), z2(x - 1), wt(x - 1) As Integer 
For y = 0 To x - 1 

Console.WriteLine( " Enter burst time for process " & y) 
z(y) = Console.ReadLine() 

Next 

Dim twt As Double = 0.0 
For i = 0 To x - 1 
z2(i) = z(i) 

Console.WriteLine( "Burst time for p" & i & " = " & z2 (i)) 
Next 

wt (0) =0 

For i = 1 To x - 1 

wt(i) = z(i - 1) + wt(i - 1) 

Next 

For i = 0 To x - 1 

Console.WriteLine( "waiting time for p" & i & " = " & wt(i)) 
twt = twt + wt(i) 
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Next 


Dim Awt As Double = Twt / x 
Console.WriteLine ("Total Weighting 
Console.WriteLine ("Average Weighting 
Console.Read() 

End Module 


Time=" & twt) 
Time= " & Awt) 


j& j (j - 4 liA j 


file:///C:/Users/osman/Documents/Visual Stud 


Enter number of processes: 3 
Enter burst time for process 0 
24 

Enter burst time for process 1 
3 

Enter burst time for process 2 
3 


! Burst time for process p0 = 24 

Burst time for process pi = 3 

Burst time for process p2 = 3 


I waiting time for process p0 = 0 

waiting time for process pi = 24 

waiting time for process p2 = 27 

Total Weighting Time=51 
Average Weighting Time= 17 


.dilLi-a j jl jaJl t- ll jotaJ 
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jjjUj .4.7 

? 4jjAaJI Clll-LaJ)^^^- (j-a 4l!Lai dj^AL . 1 

[^lILlaII (Ji>.lc Cljiij (^-a 4_^Liaj La l^_i3 (jjxa 4-JLill CllLlLaaJI Lu.2 (jlS I j] .2 


4 )\,a»,\l (j-aj 

Jj^ajll ^j 

4_4a*JI 

9 

0 

PI 

6 

2 

P2 

2 

4 

P3 

4 

5 

P4 


:</*» c 6 = 4/(6+5+13+0)= j 


LkLVI 


o«j u 


,l£ li! 


4-addui-al! 4_}Ajj!^2jl La 


.^JU-aJI J^.ta CiUIa*]' 44ii ^dajj (Gantt chart) J5ci ^ji 


.6 — (j-aj La Cl n~ii • 

? duSj c (starvation) .3 

; cs Jldl! (JjCaJI 4 yi dtl )\a» \1 (J^a 4£.ja-\a dilli& (jl (jCal jlisLj .4 


4jj1jVI 

4 i\-a»\l Cy*j 

Jjj-ajll (>* j 

4_lLaxJ! 

3 

9 

0 

PI 

1 

7 

2 

P2 
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3 

5 

4 

P3 

4 

10 

6 

P4 

2 

2 

7 

P5 


(Gantt chart) • 

^ lAV'VI (_j-a j Jajoi_jj-a L. ll • 

CllLl-a jjljaJI ^'.‘'iVnulj o!ilc-i C )\ i\,a»\\ <JLaj£^n 0^2) JajujjLa L. )1 >m~s • 

Jj^aj ^ j qj±i (FCFS) VjS ^ jS ^4131 o 
(>»j (FCFS) Vjl Vj! fiSl! o 
(Jj^aj (j>aj (jjAj) <Lll jjiil (SJF) Vji J*-aaVl O 

(J_y^aj]l <_>aj £^) (—aSjIiil <LIS JJ*3I (SJF) Vjl Jj-asSM q 
(J jj^a_j]l (jxj £-a) e_a3jji] <Lla]l (SJF) Vjt JJ-aSVl O 

<L11 jjill (<J-aAVI) 4 O 

(j-aj £-a e_a3jji] <Lla]l (4 _ia&VI) O 

J J ^>J t> j Uj4? Q=2 £* (RR) ls^ ji' O 
J J^3 j]l QA j £A Q=2 (RR) LS^ ji' o 

IiLalj ? 1 g j\c. i"liters 1 (_^a 'C^aJjjIji*. (Jaiafl! La q 
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(4) ^aij (JIjjolIIj t!lll_lLa3tll (jLaJjl j»jSJ C 4*ij 1 . ' .5 

FCFS, SJF, cjLwJj!>J l <^1 ^jiiuL jlkuVI ^y>J) jajoi^iLa C- ll > m *s 


RR, Priority 


. 11 'll t 11 


ajjIjVi 

A l\.a» " (JAJ 

Jj^ajll (_y« j 

4_iLa*JI 

3 

10 

0 

PI 

1 

1 

2 

P2 

3 

2 

4 

P3 

4 

1 

6 

P4 

2 

5 

8 

P5 


j )\JailjVI (_j<a J) 3a>«yla L-LuiaJ 

UJ-^) *—isyiil <Ll3 jjal! (SJF) .1 

.(J 

. (J_^,jJI j 2^) <L13 jJ 4I (SJF) Vji J*^l .2 

.( Jj—j]! t>j £*) 5_Lli]l (SJF) Vji >^aSn .3 

.(Jj c>j c>) Q=1 ^ (RR) cs^J^' .4 

.^i 


i^)ij-a LS ^ 1 g »j.a-N *•" llt^ij Cl)LlL»JI (_y« Ac. j.a>.a i4\l ife (jl (jJaljiislj .7 

(JjAall ^ .liSi'H A -^11 Vi 


A i\,a»\' (j-a j 

4_lLa*JI 

7 

PI 
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1 

P2 

3 

P3 

2 

P4 

4 

P5 


o5lc.i ciiUla*!! -liijj ^iajj (Gantt chart) ciula. ^uiji • 

;4JLi]l Cll'^LaJI ^gk (RR) ^nuVi \1 4_LaJj j )_j-^- 

Q= 1 uj^ o 
Q=2 uj^j ^Lk. o 
Q—3 o 

.4lla. (JS o5lc-i CllLiLajdl (_j-a 4 ilxac. JS jl hi Vi | jA La • 

.4JU <J£ (turn around time) <4*=- j]l U • 

? tillA-yj (_j-a liLaj ? jllaluj (j-aj) LS^ 3 *^ 1 cs-4 ^^A La • 


.IgJLajSj (jL>a) (j^J) (j-a jA 4_iLajti] I 4 .]. 1 "' 

_4jj\j ^la20 4_iLaC. JSJ 4_ilaJ)]l A ClulSi lil jj\ )-»YlL/' (j-G J=LuijJ-a L. UuG _§ 



t>jl' 

4_iLaxll 

0 

53 

PI 

2 

17 

P2 

4 

68 

P3 

6 

24 

P4 
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C—lLlI 
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Jji t'l'iMl aJa 1 ^aALLs 


Jijijlill jj-4 

Thread of Execution 


.5.1 


(_Jj 3 JajjaJI "oj£& u'i'l (JlLa lie..} 

.) ^ W~‘> , nl 1 £ ^ ^ 3 ^ J 


;4 ill ‘ill 4 l»i>«.ill 4_ijLuiaJI 4 JLuia 1I ^3Vii 1 

5+6+7+8 

CilljlvN { ^k Ullc- Ig l~s u« 4jli t+ILouill ajlA AiaSj 2}- 0 1 ij\3-» Iili 

. 1 3 j 6+5 t —llxaa. • 

.20 ^2-iil uj 1 ^^ 13 gjtiU 7 -^*11 * 

.28 cs-* 4 jjlg ill 4,aiq\l (jj$o3 20 ‘tSAuill 4_iLa*JI ^212 8 JlJutll £Aa. • 

Aa.1^11 JaiiJI dlli 4 il,a»ll .5.1.1 

(_JS 2)1 liuJa^isi lilj .(^^Jljillj) i_y a*J al^jj °^A dlljlrsll (j* !•»••>5U 
‘5+6—13 L^h 3 ^ j>jjjoi 4jla .li-alil) ll}A 2+ 4-lilii ^1‘iVi ajlrs 

^121) , }j ,a l‘il l ^jJaluU ^j ClljlaaJI ^2i liA .(20+8=28 ‘13+7=20 

JajaJ! dlli) 4_pl*JI 4 il.a»ll 4 j 2 lj 11a j t dl3j 2)j-Jjh'N.i 

((_^jljj]l) JajdJI a.l}*lLa 4 il.a»ll .5.1.2 

2>S-ai3 i4JLuull oiA ^gk aj^frLuu] 4_ii5La j 2 y* 2+2 2ia1iSI 11a jdia.1 j] 2)^' 
2jjjj]aiJI^ Jl^lj CllSj ^_gk i 7+8 S(+121 Ju-allSlj t5+6 ‘. '■ [|J \; 2 j' Jj^' 

^ 4jjl^j]l 4-<u2l ^c. (J^-sjl 2j.V>.)+" 2 -a t > . 1 22121 .+221 t(e.}^lj 4-lilii ^ 
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Jji C'iMl aJa 1 ^oisLLs 


(j-a 33% LS^) j' y C1>5Ij j-a ^Cj jlijlii <^3 Cilia. <1 Lula 1I jl Caj liA tA- ijLj 

5li AjUjII ojlaiJI j£l cCalj CllSj ^k lil-aj C3 (JjljVl jlijlaaJI (j! Jaa5lj .(JjVl 
LiA ja .1 alilli ^jlc. Caiu Igj^/ jliajLuill jjjjlaall a-lgliil C*j V) ^!i jl j£Laj 


;^rV umi 


Jaaa. ja jii£i 4_ilaC. < __ s jje_l Cal j Cll3j ^ (JaC- ja j ££>U ^Liall (jl • 

(jl ja CjV il^aCaaj (^jlc- Caitl CllilS Icj (_£ljjiillj J-aal jl Jaj )a\l j£.aj ^ • 

ja CjaLuij jls V]j iCalj CllSj ^^3 la-a (_la*Cl I g >.a» j jc- 4 \q'i.ua Ja jjall j_jflj 

.4_iIa*JI Jaaa j-a j!i£i C_jaj 


J^rkJl c_flcj*j .5.2 

iaiall kjClai 4_ilac. Ig jlc jllaij iCalj (JaC. Call ^at-nlall l^a-Caj ^^k 4_iLa*JI 

(_>aij Jac. ja jiiSI call jl <jla*ll ja licjl _jl Icla jSlj .(single thread) 
JS^ll ‘(multiple threads) -^j^' £>cc*ia 4_iia*JI J*aj jl ja cjV Ua tciajll 

La-a (_ 5 jljilli Calj Cll3j ^ 4_iiaxll ^k Cajii ^^iill JajaaJI (JS Jildi Cin, .(1-5) 
ClsLaji*-a 4_iii ^ oCaljll 4_ila*JI Jajaa liljlClii .(concurrency) 4_naljiill jjaaj 
4_iiij 4_&j jc- t- 3 Vi Vi (^jiill 4_j 4 >^il -n II 4jLajLt-a 4_iij Jala JS1 jSl ‘(PCB) aCalj 
^-Ic. (_g jl Vi Jaiall CllLajla-a 4_iij _4_iLaaJl (jaai ^i 4jta ^^llll (_£ ^>aVI JajJall CllLajLt-a 


.(stack) o-cSJI o 
.(register) ciUa^ll 0 

. 0 al^)JI elec- o 
.Jaiall klla o 

jV ^ .(lightweight process) vAac. ^ <jl^j ULal 

.Cl)llla*JI (j^alL-aa ja jaiifiJI tilllal Jaiall 
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Jji t'liMl ->h i ^aAlia 


jla.£ij ^Liojl (j.a (J^joi! 1a jlaClj lAa-Laj! jjLi cJ]i] Cj_ja (_£ll -lajJ'L!! Jajjjj V 

.4_ila*J! f-Luul (ja a ja 4aaj £• jjojI 4 all (j>»»i ^3 Lii-y^ $.Lulj! jjjSi C3j .dll Ja»\! 

.5.2.1 

tilLal *'' tllilfl ijjla-a (JaC. Juajj l^_La ClnlLaj 4-}jLaJta ^ISjCu £-a CllalaM 1 j] 

<jLa*Jlj t4 Ja»\l 4-jjilj 4S^)Li]li tcJLaC. Ciiu« (Jalc- ^»S V ASjjoJ! £a 

£a (Jatsuj Cluli Calj (Jalc. (J-a*J! Lai li] .(4_iLa*JI) 4^jaill (Jalc (Jajj'v\|^ ^aA 
(J-a*Jl Call (jS liA (Jal*Jl ^gAjtS ^Llai]!) Calj Jala. dale 4-j.lllai 4_iLwtS <S^)Lli]I 

ASjCi £a (JaLCij dulj (jLaaJ! (ja 22c- J-aaJI Caj |jj La! _jL 4-Lj>a. 

4_ilJ)aj (Jalc- JS i(_ 5 j)ljll]lj (Ja*J! (JlaaJl Cal) Cilia. toCCsCLa Jajia. dale (4_iiac.) 

.(jaii'in (jJJ ^dalj (_3 j >s1!j .Caij Cli3j ^ (J-a*JI (ja 

ASjjuJ! (JalCj t (PCB 4 _iLll)^ \g »a (Jalsui 1 an~y 4^jjuJl ClslajLta ^Aalimi 
<jljic- (JlaaJ! JS aJjLaLl) Clua i^JaiaJll Cilia ji*-a) (Jalc. (JS (jc. Cl)laji*-a Cajli 

J! ^ •■s\x \ (jc. ^aA jad 4 t^-il -y \! ijjlic. ^2 Ijaliaj j)S]j t^SjjaJ! 

. 5.3 

4 ^c-Cjj j!cj Jaji^. til]lifr3 t^c.c]!j ojll'jl JajiaJI a aliali 

jllli j)! j^SaJ Jajia. Ca,_jJ d]cS j t^'v'j lll ,a\! 4 L. ■ jl.li La cSILAj (JliClill ^.llaj 
(JS ja (JLLa »1 L»cj £a (J^ (j^ (Ja-aiLuj oLjJ t4 n»a 4aajj 4jJ 4 Jslui!_j1 

■t* 

(user thread) -kiS- .5.3.1 

JajiaJ! 4i^>a-a (jjC oAa!j 4_iLa*S. 4_iLaaJI ^a ^LiajLa.^) (_llxCull]l ^»LSaj (JaLtlll C3 
_Ca!j Cll3j JajiaJ! (ja <Cj|a-\a 4_iia*J! Ciii lliaic LailJ CajJ ^ll\ 4_iia.!c]l 

^2 ^lij 4jua (JaLtlillj JaiaJ! a-Lai! jl (_£i t^CiCLuial! L» i~n ^^aajj JajiaJI (ja !La 

CllllaJiJI £-a (JaLtlJ j^3 i4j (Jlidli]! ^Uail (jLa (uSCf level) ^Caluial! (_gjl>.aa 

_JajiaJI (ja CjC*J! IgJ ^gll]!j Ca.!j Jala. IgJ ^jli]! (jll jjja~i\! (jjC 

Lij-s ^c-Cj ^jlil! ClllliSaJI (ja _CllLljSa 4 Li.uljj aCalma]! L»j-n (Jjlllaj ^ 1 J 

(ja ^-a (JaLCiiL (jlaCij La <JS 4 nSall oJA ^jli c'^j-y ‘PthfeadS ^CalLaa]! 
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Jji CiMl aJa 1 ^oisLLs 


j^jAj c 1 a .Vi ill ^Uaj j^a 3aA j aAc-Luaa ji j^A Cs^jIaI^ tAl^Aa tal^jl^ tpi. uii l 

Jajj'LlI £A ^ (J 1» ATiII ^Llaj ji £-^i]| lAA t— lie- .4 1 1» a A^a ^J 4itlj JaLi) J^\ 

(ja 1 ^j 3 LaJ JSifa 4 il-aadl j-\ •a.j 4jli t A i i» a A i\.ac. J)-y-aj LaAic- c£13aJ t A ilaadlj oA_jaja]l 
jj£j A3 -Sajj-vll (j>»M jl ^ac-j t jy a.II ja 4 ilaatll <Jia.lA 3-iny (ji ^ iTLmi ^j -lajaa 
.jajjyH ojlAjj pLajj 4c -jjoi Alijia Lai .(JaaJt ^gic- sjAli 

SjLjx. 2j1ac- 2j1at. 2 ,Lf. 




.Aalj I-»j 4 ^ic. (_jjlaj IjAalj (J£ AjLiLoC- Clll/lj ; jLoull L 5 \c. ;(l- 5 ) ^J 

# Ja L5 -ic- j£ S.l^!j ^.iLaC. ^^Ic. 


sljdl-ktk .5.3.2 


(JaLtlili j^la ^>SjJ jill (Jl»a«Mt ^»Llaj 4 3tu«' ojCuLla JaiaJli ^aC-A ^aJJ liA 
(Jj».A'g]l ^aLSaj 4 _LlujIjj ^ij -LaiaJi o^jIa] jVj .ajlAlj 4ljAa i^lgjlj a-Laji ja JaaiJI £-a 
La i4 (__Lj3jj ^aj I il j£Jj aAaJiui<a]l lily \ 4jjlLa La lc_jj jlau ot_jiil L»iy (_)» ^ j Ia^3 
jy y i jiLL (jl (jjA (J-a*j (jl 4 ila» II (jail ^ (_£^>^.i iajjy I jSLuS iLa L. \uu\ 
A j'i^a t^lViaj jill t jjAijj (JjiAaS]! ^LSaj Cal^iil lajli. ^aC-Aj (_^i]l (Jl».Ao]i ^alaj 4j!iai ja 
JajiJI a-Lajt ^aJ cwindows.h f»lA=CLuot cSl^j Cilia. .Win32 4ii£La ^jA JajiaJl ^aC-Aj 

.CreateThreadQ 


.ol^iil LijA j ^aAVn jiail Laj A i jjc- jiil ^aC- Aj (JliLulj ^aiaj tilll lA 
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Jji liMl aJa 1 ^oisLLs 


. 5.4 

^)3jj 44jtlll <_£jluu» Jc. 3 *ii - n\I ^)3jj ( _ 5 j 3I Clliil! (_^a liLa. 4jd 

.JajjiJI Sjljjj c-Ludj^/ 4jLal£, <ii£-a 

3i1-vll e-Loul .5.4.1 

oL<ujia 3I JaiaJI 4la (jjSj liLaJI JaiaJI pLoij'^ 4iL)Ja Jamul 

; Jill I j-aVl Lila .liLa. l_u£-aj (Thread) 

class th extends Thread 


jy'a.'ij ^ill th *—i*^all iiL-il (jj^j ‘Thread *- '<^11 4iiljj l>° >iL£Laj 
iJaoaJI ^ijj ^jlll 4_ll.l3! oLa ‘fun / AJlj Jc. th •—4**ail . hn~v <■ 

;Hla i<3l^3l o!a (J^.!j oliiiij Ajjj La ^.a'ln .Thread < —L^all ^ IaLujj Lij 

public void run(){ 

System.out.print("Inside thread"):} 

} 

;LH« 4 th I '**^ 1 (_ya (jllS tg *m ij lAJbu 


th tl - new th() 

;j-aVlj 4 L» In (j£-aj ‘tl -W^- tijll ^ u^-ii jVI 

tl.start() 

(_)jjLujV 1 (J 4_iLa*JI (jV tilli 4 il,a» H ^gjLill -Lull I jli*j tl lij'i.ll ;4_njj 
4Aa.!j ^g-uUJ j 3-aj-v Jc. oAc. <_£jiaL 4_iLac- (_)£La -t —uuj J hn-LlI jiltj Aaij Iij-n 
£ t-aU j }ill .main (J Jj ^g...uL,u^/l 4 i\.a»\' lii-s (Jjiiuj ,4_ila*JI lii^il uVI LP) 

.main ^ja 4li» >lnj .Ijjj a-Luaj! 4_iih5 ks-t ^c-aU^y jA (1-5) 

class th extends Thread {// 
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public void run(){ 

System.out.print("Inside thread"):} 

} 

public static void main(String args[ ]){ 
th tl = new th(); // 
tl.start(); // 

System.out.print("Inside main");} 

} 

(1-5) fSj 

JaikJl £-a .5.4.2 

; Jl«s dalidl £xa (J-alxjil (<JljA) liLi. ^>3jJ 


Resume() “Cpt!) Sj-a ^ 1* >«'i ,j£ujjj t l>j-s \l i—Lajj 

Suspend() 

oJ-aa-l] A^*J oA.W.a 4_iLaJ) ojji] JaiiJI (^aJjjj) i—LlSljJ 
.1 g ‘i x>»q il Aaj 

SleepO 

.suspend() a*j ^glii oj^ Ivpdl 

Resume() 

All«-Au Cluxj 7;u^j Clu^. i(<!ti2) llj~N \l 

Stop() 


.o5lc.i (JljjJI (_ 3 j 41 - 5 ) JAc. 


(121) 














Jji t'l'iMl aJa 1 ^oisLLs 


cIjVU. .5.5 

t(2-5) cMI tAjiHll s-Uiii Iglij (Jaljj 

th Iij-nH jii*j ‘(1-5) .new -^c. ;(new) • 

I alAaJLml -lie. .liAa. kiLa. 

th tl = new th(); 

t J-uiJ] ojSliib start() :Runnable (^») • 

4Jla. ji J^ij liA ‘((2-5) J*) tl u^W run() kLjUl 

.Runnable ^ tl -M2' 

^ J-uiJi jl£ lil ; (not Runnable) jjc- j' (blocked) jj^-* • 
.sleep() j' suspend() *lc. jU ^ jl ^ ji. jl <jL«j 

liic-iLml jl run() kaj^lall (J-ac. lil lii-« Iij-nII ^ u^ij ;(Dead) eiiia • 

.stopO 

sleepO 

suspendQ 



resmneQ 




aVU. :(2-5) 

V ^ (JjJjjJ LT^ kil-vll (_Ja .33 ikuaJI k]La. <3^)*-a 

.((CsLa) ^ c ((j^) kALsia AuS ^jj j isAliveQ kajjidl 2m b 
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Context Switch djULiaJl joj J j^l .5.6 

Jala. 1 ^j3 Ja 4_iLa*JI jjl (jiaij i(PCB) {^-a-mJ 4_gj 4_iLaC- <J£] 

4 il-a» It 4_iij o.lat_j]l 4 il.a»tt ^ oAj^_ja]I JajjaJI (J£j . ;»! Aalj 

LaAic- Ig /OVum.; ^Ailt ((3_5) (JSjAiII) 4_-^alaJI 4Jmj Jaja. (J£J jjjfLj t-»‘j.i ‘(PCB) 
;jya dlLajLt-a 4_iij .(_£^)a.l klla. AiilJI klla. (ja (JjVi; 

.(PC) ^t-al^JI AlAc. (J-^jaa 1^j 3 Laj CIl-I-v -u-att • 

.(stack) ^aUI • 

(J^aj 4 il-a» II 4_iij £-a <jjl£-a ^a*aJI a j; a—a JaaaJI 4_uj (j! liA 

.CjULaaJI (jjj ^JIjla]I (Jjaj (j-a Ja-udlj £-^jjujI j)j£L) -lajj'vH jjJJ ^-llat-all 

l^ilSjj) ^-lla-all (ja 4_iLaC- ^l^)a.lj ^ij JajjaJI jl CllLii-aaJI j)JJ ^cJlat-all (JLslljl 

AjAoj (ja Jsljl ^Jlatall (jl Jjij liA tAiiull ^cilat-all (_£ja.l 4_iiaC- (JlaAlj i(lAj>^a. jl 

context ) (^Amj (J^allt ji (JUti^l 11 a .A_ljUlJI 4jta»tl Ajili ^jJjSfl 4_iia*JI 

4 j la* II Cilia jlta Jaia. (ja Al^ Jlalj^l ^jj ilnaj *■ ql^-a jflsuj (switching 

(J^Alui (_5^ll (PCB) ^ lla* I' Clllajlta (JlaVl j t(l g, i-a (Jq’nall) I ill ~v aAiiall (PCB) 

.(IjJI (JilLall) ^Jla-aJI 


-LuaJI Cilia jl*-a jji liA (jj_jsJl j£] i-lajJalJI (jJJ (JUiliVI < __ s ^ ja^l (jaij C l,K ij 
(j^)».'i,ma]t (_j-a^jJI (jli 4liis (Jaali-uj ^^ill JaiikJI Clsla_jLtaj I-i^Vum ^^Jill 

dlliUj Jjaalij laq-vl (jj*-'.u.ua.lt (jajll (j-a jjlifL (JSl laia.ll CllliUj (JjaVij JaAaJ 
.CllliiaaJI (jjj (JjjVlII j)-a j jja (_J5i Jajj'vll (jjj (JjjaYltt (j-aj _jy\* 1 tilli] t4 ilaall 

(j^jsCLuiJ Ig La> m‘i Al^)-a]l 4_iLa*JI CllljLiJ (_la-aajj <a3_j-all 4 il-a» II CllULiJ Jaia. 4 il^c. 

.(context switching time) t>j Cy 

aAaJiuiAll Alitll (_£^>a.l ^gJI 4_iLaC- j)-a (Jj^MI ^ ^j^jiiui-all (j-«^l Aalsuj 

4ja_jaJLa 

^-llajj-aJ ^ ^la-all jjli i(A^lj ^Jl*-aj L_Lujla.) ^cJlat-all 4jAla.i 4 a}^ iSfl 

^cila-all (j-a (_gjt-a^ll oAIV n-i^l j)S-aj (j^lj toAal^ll 4jaaJUI 4jlac- (jx» Llai-uU 
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4c-^)jaij clAlLaaJil oi& (jjj (Jill) ^l*-a]l (Jst2k ^sJ tllLlLaal! iya Jxaalj 

l^a.l j )^.lj (4 y\\x .all jj.la) (JJlIlliI! ^Uaj ^jiL) y\ Jail I 4 ]Uc. d Lal£j tljlc. 

(j! ^AHjoloI] j4aj 1 -AA n .V jit-uiA ^la-all (Jlaj l^SAj Igjlj^a 4_iLaC- (JjIj 

. (^Lg-all JAxjl la_a djLiLaaJI ,'us J-lC. / \Xxk 1 rz. 


±iJ> 


44-aC- (Jiidj 
di*j) l*-a djLllaxJI ^ya Jadl) ^-3la-a]l 


| 4 "I! 0 Y | ■-. 

lIiULu J 




t ~'i v :-l -s. ... .-.’i'i 


u . ,i.W .-.' l i l l 





Cjlii. 

1 4 jUUj 

uljl jL^x 



■LlaJj ■> >.1 ■-J'l 


da!Jj > nirt^l 



ti ■■i.'iV.-J'l 

m .,i.'.< .-.I'i 

3 


5 


C 



4LH 


lu jjj 1 ! kjuL^'1 * j* ■•-<•- 


ojjJljI l.'i.'i t*~i .-. 3 


.^-L-saLkl! Alinj -Lj-k J£]j t-lajd^Jl <jj£j 4-iLa*-I1 4_nj !(3~5) cJ^-^ 

JaJ^Ji CllLold^Jjail .5.7 

jja^aS t-lajj-vll i ya 4c-j-a>^ (j-a 4jj£<a 1 g » a (Jxalxlj ^^lll 4jJ^aJI (JS 

(^ya (j-a 4jj£»a lA-lal <-S^ 0 >al^)JI (Jlj 4 ^Lui^l 4 ^Jta*ala]lj 4 (_yajn-i i\l 

.Aa.lj Cll3j ^ dj-lali ^glll a-UdS/l jj^a JuA*JI Lgj dllajJalll ^>)a» -a jV dlii .JajjaJI 

.5.7.1 

(_5jlaj ^ua ji^ii ^t-aU^y) 4_iLa*J JHa ^dajJ (4-5) (J£dJ! 

4^. J ^yc- Cli5l^AxJ] 4- iialimj Jail. dill 1^3 44_u*-a 4 aga Jlil; Jaaa. (JSj (lajya. C1 i51j 
4 JH iA 1 ail) .4 1 )»-a 4 •vit.al Jlajj^l (Jla l& yiC- 4jj (^^lil j-alj^M Jliilj (jJJjlailj ^jjlLall 
JaaaJI ^ji.nu 4 \,a->. 4 . a.W.i 4 " u'i lili 4 4al)^J! JSlIu o^lc-j 4_iLa*j ^ji) <^111 3a 1 4. 
JaiaJl 4_iLa*J ^ajk) djll ]a)~v dJll&j t4laaJI 4 ~a*W _l*j 5Lal£ ■-»'ll L_ujjJ 0 . 4 c-ly 

.(ojli (JS) ^liUI 


^Jaluil (jja 4 Jl^lj )a)4.i J-a*J jja^ (jlS 5lla 

laiaJI J-**-) LaAic-j 4idl3_J! (_yiaj ^^3 U^bt-aJI cljULlJ! (JSd j_j^Ja ^-a 4a4j-a 

.JaiaJI Jdi4 1 ( _ 5 la. <J5 4_a3jj ^ya ( ^ g jl 
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(J)* ^)Vl 




(ja ^_y. ajj-sai 0-<alj^)J ;^4“5) cJ^-^ 


l_uj1I ^. 1 ^ .5.7.2 

JLaijIj j;pjL*aidl CiUiL ^Jlc. ^j]I ^a (web server) 4 -yjl' ^ 2 aj 

dlijliVI ( _ 5 lc. <—llj ^.'I'V.a Jjlg^. (J£ (_y3 ^.jJj . C5^l <•" A (j-« JjJujl ba 

^)!Si (jia^)C. L_lUaJj _jl g -v \1 l^j (J.-TN >m (j-a jii£i .33 c^slj-all (_^a 33c. 4_iSj ^/txa 

(JjjjJj 4jua jjl Vi i (Jj^alLa <_J£J laV ^3-y.a ^.uij laA 4<JllS_j]! (jjiai < __ s ^ VaJL—a ^ya 

ViLil^ vl 


? 3^.1 j lal-V (J-a*J L_U_jll (jlS j] liLa 

3^lj }-»V c^llliA (jjSjjui iA^lj illlSj ^.’'I'V.aH l3^J (JxaC. ^-jba (J ■ .ail lil 
Jj^jilLuil <■_ ilia J£ jS Lliia^jsS lili 4( t _gJllli]lj) _jli 3^lj 4£.^/La*JI e'iljjA V«3iLl 

jj.’ivniun Ja _4£j 3^ jij <£.Lui 3*j 4'ixa,^-v ^2Lui 4 jLo (JxaaJl (jls 4 o3^Ij 4iiS3 

? Ail^jJall o 3£J (J-a*J ^>3-villi (jlS lil dlijiiVI 
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> 


... ■■.’i'I 


} 




# L_llLa (_)£] -la.)2^ ^ xtiVl C_l)j 4 jl^aC. ]^5“5) 


Pthreads 

^lAaJLml (jjj Jjji]! ^jJalj] Pthreads 4_iiSLa ^1 .^-VumV )an«;i (Jlla 
4itL jjc. 4 yi^-a <^3 A-al^aJiuil (jJJj (<a-a j )l]l Aid -" -’• •• * 

0 Aid £-a Ig-al-laJLuilj lla3 (jjAld ^ 0^)3 jlLa <li£us 


.5.8 


^. .O J U .'; liA 

(_5jjjui-a ^gic-) liU. ^^3 JaliJI 

cs^ Pthreads j ? 


^»J~A C-Laljl .5.8.1 

cs-lc cijAsd j pthread_create() -d'dl jrlAaj .ki^ *Lky 

;A_JlA]l l") 1 ;k»,a]l 


.(thread identifier) -W^JI ^ (> Jjtf! L 5 Aa^d! • 

Cl u.'iVnul Ijj iJaaaJI i" )\ JiAa.) (_^A]I (_jjl£i]l (jlka ^gilli]! ^ • 

.iaj^AI jAaVl eiilii-a]! ajjj lilj! le^s liA null 

.iaiidl lAJiil) (^jli]] AJIdl (_jd-a ^gJj dlllilll ^Jaa-all • 
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<11.2! UjjjAj Ajjj (argument) ^fi»-a\l • 

cs^ null +jL& ^ -aj <11.21 lA jjj-aj (jSj ^1 12 t lij-yll 

.AjliJI oLa 

;<aj j )la]l o^j <1121 o^) 2 jj (■" n'l^ jl UlLa 

pthread_create(&th_ID, NULL, th_fun, &value); 

4 th ID J^* 2 all I’IJ'nII ILa Ujj*j Qjpj Hu * Lull I Jjji ^j-iii l-l^a 

JjSj ^gjll th fun < 112 ! hn-vl! ILa 2 ijj i<i+aljja'^l CiU^ll In <11 ILa a.laJiuUj 

.value 

cjLlii pthread create() <112! a.lc.2Lui! Ujl»a -Ljj< ciiHli 222 doji 12 


JajdJl 2+') (jLa+2 <jl2ajlj lLa3 Ln< (JS £-a pthfead join() “LSl-iSl ^gC. Jluij l+aji 


main <Lu 2 i J! < 1 ! 2 ! cLLul ■ La 


pthreadl.c .5.8.2 

^ ic. < 1 Luj^) <c.l 2 Laj fii< (JS *•'' n~v f-LLjlj ( 2 - 5 ) jLi.J ^c-alj^}!!! 

.<2221 


C compiler: cc -lpthread pthreadl.c 


C++ compiler: g++ -lpthread pthreadl.c 


./a. out 




; t ^L LaS ^- 2 j.j 21 22 ^2 
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Thread 1 
Thread 2 

Thread 1 returns: 0 
Thread 2 returns: 0 

(2-5) 

#include <stdio.h> 

#include <stdlib.h> 

#include <pthread.h> 
void *p_message( void *ptr ); 


main(){ 

pthread_t threadl, thread2; 
char *ml = "Thread 1"; 
char *m2 = "Thread 2"; 
int rl,r2; 


/* (.jJiL* ^}-»« a ) j .lib kri. */ 

/* (JjVl la-lid I s-Luai) */ 

rl = pthread_create( &threadl, NULL, p_message, (void*) ml); 

/* kjaJI frljkil */ 

r2 = pthread_create( &thread2, NULL, p_message, (void*) m2); 

/* jjjk'V'l iiiii ijJtviVi Ajjolu^)]I <11.21 (J»^i */ 

pthread_join( threadl, NULL); 
pthread_join( thread2, NULL); 
printf("Thread 1 returns: %d\n",rl); 
printf("Thread 2 returns: %d\n",r2); 
exit(O); 


} 
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/' i ' i qV'^^ £jc, Jaia (J£ <11^11 ^/ 

void *print_message_function( void *ptr ) 
{ char *message; 

message = (char *) ptr; 
printf("%s \n", message); 


} 


5.8.3 

u' t> ^Jiil ^4^ ‘pthread_cancel() kil.^1 iua. 

<a.Luui JaiaJI (jlS !ij .ojlgj] ^ ajlgjj JaiaJ! 

ojSlii! oJia (jlS-a jmLui pthread cancclO kita <ilc-.iLuAj Il«3j ajSl^b 

.(memory leak) ^ «jjr^ j 
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ji .5.9 

: libJU j! pthread ■ci&a <2121 £^2^)2! <.- ri5i 

(1) g-'jjj 

:ls' (Fibonacci series) 412 L, <&Ukj ^jL 

1,2,3,5,8,13,... 

^-*2^)2! 1 . '•> j 

(jl ^_ya .1)^)1 ClCC-Vl CCC- JIaJ ^3_J £^02^)21 j»CalLoui]l Cijj 

.cIcc-VI c2jli 4 _iLi*j 3-i j~n ^c-aU^jJ! ^gjujjj li& c^^Slijiia <L2 uj Ia2jj 


Enter number of Fibonacci numbers to generate ? 5 

1,2,3,5,8 


( 2 ) 


(JLa2 ^ya t-)\3aj Cilia. \ ^_ya <2jVl ClCc-Vl Ac-llfal 

4_lLa*J ^jL Jala. t4jjLaU ji (J3! <2ji clc&i -l2jJ Cjji ^21 ^£j]l 

.<2jVl clc&Sn c2 jj 

Enter number to generate primes less than or equal to ? 5 
2,3,5 
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JJC, . 5.10 

? JaliJI L_fi jC. . \ 

? VlLaaJIj JaiaJI (jjj Jj jill La 
? iL13a ^jCaj t Ajja (_5^ Jajj'vll -lajjjj V 
? IjUil ClllAaaJI e-Luul (_j-a Ia jxaAlij JalVll oe-Laul 


.2 

.3 

.4 

.5 


ojliaJ! oAA (j! Cl ini t "VilaaJI e-LLjl ^ja oj-a *LLaj £-jjaii iaiiJI <iLaL)l" 

? (iL13a (_jc- CliljUVl Cliajj) 4-vj-s.^i 

? oljill Jaiaj ^AVLuaII 3a i-s (jjj Jjjilll I- 4 .6 

? ^VuM-a Jala. lila. JaiVll jn» ; (_Ja .7 

? sljj ^1 ^ ciCL^ Jsaa. pthreads <Ja .8 

3a l~v ^c-A) y>l 3a il (JLLaj Vim .a 11 3a )*s ^aC-Aj ^ 13ail JULa j£a! .9 

¥ eljill 


(_ja JjV'll Aic- Ig 3aq~sl ^^Yill JaiaJI CllLajia-a 4_lL dlLjj£La (^A La .IQ 

¥(JjVl <ULa. ^jJI AjlliII <3La 

¥ 4 a 3 llVa 3 l 3 aj-v\l CllVLa. jSaS . \ \ 

i-oiJI e-lgjjj a ajAjlij (J-Jumj ^ aAVLmli ^glill j lila. ^ 3ajV\l <Jl jA jSaI . \ 2 
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•/ UO^LuJl <—iLlI 
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t'l'iMl ~oisLLj 
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(J)* ^)Vl 


L-jUl! 

(synchronization) t>' j^\ 


.6.1 

:Liu CnS lij 


ciLaA (jjSjti. 1 ^ t4-plc. *•. '*iS‘l j ^ ..uu 

? L_)jU-a.a\l jA (JAj £t-alj jlll a jg Li j ^ill ^cjlill ji ^ j~u.all (_Ja _jl£yi 

CllliLnll ^ liljLaiijj 4 Sum ^ (J.a*-i\ ^iui/i lils i4jLuj jjli’ill (j^J 

dlLLnll (_Ja JlLa t4 ~s i-s ^uLiill ^»j^A jJC. (_£ j^.1 ^»j-aA lajjuiS ^oal^j ^a 

Lla-aljjJ (_JAj tAjjAaj La ^)^.l jA CllLajI*-a ^_ya 4j$. 1^)3 La (JAj ?4jj3ljILa 
4jt-a LljLujj ^^lill ^al^ill 4_1<L £-a 4jLafr ( _ S JA, 4j-l*-a 4ja2>J ^^3 jl lajiVI 

(_]SLLa (j-a lilli ^gJj La j ?4jS jiuLa 4-a^-a jl^jl ^k 4jt-a (jjLtl) £t-al jlll jl ClsLiLnll 

m" )1Sum\ 1 jjc. i^ljlLiall (J-a*J!j ^yal jill Liilc. 1^ jl-N 

Concurrency lS j'j^' f jG** .6.2 

CllLlaaJl ojlA (jj^J JlS .Aa.lj CllSj ^ 4_iLaC- (j- 4 jliSl Alili (jjljjllj -Wiii 

<y* 4ijUii> jl (independent processes) 4-Ca*j Cf. 4lii^ 4 j jljUl 
ij-ajM-aill ^jSl :& yia .(cooperative processes) W^ = »» - j 

JajLuijll (_l*_iiia 4 J-j.mI jj 4_jjj^a o^La ^aLmlj t4_ilc. 1 - riSy (WinWord) 
.Aiii eiilAa*Jl oLia tdiijijyi eiiliLa Jjjj ^i^alall ‘(media player) 

_(jia*Jl 1 g >>»») [jc- 4 Vsnma 1 g iSlj A^lj CllSj <_£ jljlllj 

j' (concurrent processes) ciULaJl <_$^ c£ j'j^' 

.(concurrent threads) lS >l^ 

(jjj&i ^^3 L^Jt-a (J-astj ^Sll CllLlLaaJlj jjLu Vj jjjJ ^ C5^ C5^ 4 li’nM^ll 4_iLaaJl 
(_J-a*i (^jLll CllLlLaaJLl Clljjlj jl/j Clljjl lij 4jjLt!La (jj^j 4_iLa*Jl _Cll3jH 

.LS j'j^W L^jea 
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(—iUIax!! jjUj .6.3 


!iLaC- (_£lj3 J jS dlLLlJI (jCa*J dljlbilll) (jl 4j jljlall d )1 i\,a» \1 dlmlliml 13] 
jjj JLasajl L- lU-i'n j)jl*li]1 13 a .(_ja*J1 1 g ) £-a jjl*31) (jl ^ja l^J Cj^/lS il£jLuu» 

.(synchronization) t>' j3 4_iLac. j (1=»j^3' j') djUla*J1 


shared ) 4£jicia ciilj^iiLa (jjjla jc. ^il dl-iLa*JI JL-aj^n 
f3J <a.UaJ (>lj^lj .(message passing) J^fL J (variables 


Cm 


- 13! 


I n-v 


J dlLlLaxll j^aljlj ialij £dajJ (jisCLj iL_LuAia]1 Cll3j]1 ^ (JL^jj^I 
(_£^)m.V1 d)1 i\.a»11 4 _iL ^jlalii) ji Igjlc- tjj-aljj 4)-»q i diL^ajj djLiLa*J1 4 _isL 4_iLac- 

.4*3 jLa jjc- ^cjllij lllCl (jjSjjui Vjj i^Jailill o3a (J»aM 


;(JlLa tt—llluil ol*J ? 1g n.i LalS (jjlalill 4 j jljlLall CllLllaaJI ^Liml) 13La] 


ClnUa (^jliil 4_iLa*J1 ^gic- 4JLmJ1 o3a 4_iLac- ^ja 4-a.AaJ 4_iLac- i. )U-a 

131 '^Ia .Igjhi (ja ^)3l) ^jim 4-a.AmJI 1 g La L-Ala ^jill 4_ila*J1 jUalljl 4-aCaJI 
o3a (JJallm 4L_iL-a11 (_)^aji]1 j^a Vlliu 4-a^Lua (jlidllll ^llaj j/» 4_ilac- dillla 
L_llla 131 ji 1 0^)^1331 ^gJj (j^a^)3]1 (jx» 1 g \ x^-a~i <Laji*-a11 jllalljl ^ 4 lLa» 11 
^jia. jl Jail VI ^‘U.'Vl.all ^^1*3 jj*-a £3 j-« CLlj jijVLj L_l)j11 ^.W-a ^ja ^Jli-alLall 
- 4 - n . 1 l nail 


^jic- 4jCa^>aj l^liSj ^m-aliAll ^ jjj3 a_)jUa.a1' ^S^all ^.Im-all (Jjoijj 




^1) diljtac. ole. (jic- ojjjS o-lml j 4-a^-a ammaHj bl13j ;,lifllill 4 £.jjuj olLjj • 

li£j3 131i tlgJt-a (_5^p.1 CllUlafr lAAlijj ^ 4_iLac- (jjmdj 13 .(_5j1jlillj l&Aiilj 
13 a t- iiuH; Ca3 (_5^)m.V1 CllLiLaaJI jlialu! j)jC lAJUajj (JaSIiI 4_iLa3tJ1 o3a 


Ia 1.1*31) V j>«^J)3 Jalil ^-daj jpa dU31 t4 ~v im ^jjc- jl 4jt3jlLa jjc- ^13) 
IxaAmlLuil 13] 3ll3^ . Ills'll! o3a C )\ i\o»\1 4 'O' J^al) a] La 4*j^ui]1 Cl)LlLa*31 


4mLa*J1 ^^>m-a jjl j li^s djULac- (jjj (pipeline) 

j)1 buliill 4_iLa*i] j)S-aj V 4jLmJ1 o3a ^ t4 iiL'ill 4_iLa*Il jjjSjju) ^jS/l 

;((jjjSl) ( 3 ^) (j3lll!1 j-aS/1 3lLLa ,(^3jS/1 4_iLa*J1 (JjJjdi 


$ Is I we 
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WC J ‘(21^2 (J22I CllLljlia-a jjJajaJ i Is La* (jjluLaC. Alill] j-al jA 
(j2jj ill ■ uij 4^(_5 j!j2Lj) Cll3j ^ (jlilLaaJ! jjljU idlLalS]! 

CCc- a. Imaj) 1 g jlc. (_i-a*j] 4_ila*JI C )\ yjL^a 4 i'll'ill 4_iLa*JI ^jallLuj) 

.((^ j'v-all Cl)1 ,aK 

^Ual jlla C(_fa*JI JjlaJj? 1 g .>»» j £-a (_fa*j (jl C \\ )\,a» 11 ^jjLal! jpa (j j£j .33 • 

(jya 4_2ajLui_j]l oCLall e-lj^l jLdaaAj 4_iLaC- (jl (j£^aj oCCxlLall JalLo^ll 

Ca.2 Ij ja.i 4_lLaC. LailJ ‘((buffer) (j J-^) aj£li ^-3 l£*-dajj (j-ajail 

li& .ojjxxall/Clljxxal' jJU-aJ jl^a. LgJjujjJj (jJjLaJI (j-a oCLall 

.(consumer) ‘ ^Vi^ < 42 ' <jla*J! Uiij (producer) 52 * Jj^' < 2 a*JI 

t%loLall a_a3jJJ j/ Cl ))•*>.) LajC 1‘il‘i.a.a QjlaJI (_!*-?■ ^C- (_fa*J! ^Cila]l (^gic-j 
l&jli (j jlaJI 12 Cli^lLuiall (jS? ‘(Ic-jli (jJjlaJ! 3a_) j?) (J-a*2 (jc- 

^JaLa ^JaSli ^^3 t— I uCi 1 La^ (jjLall CllULlJ (Jj^^j ^)Jalll)j (_fa*2 (jc. i_a3 jfij > m 

^jaaj ^Cc- ^1 djjjxxall/^j.^iqll 
(j_jfL) (jl 1> )3 tdlLlLa*JI (jaj (jjlalill (jl£ 12 

(>' JJ • 

.\g ijJ LajS (jL-alil • 

Cll il,a«ll ^jlLall jjc- J)> II .6.2.2 

u - ';■ ii (^Vj Cll3j ^2 4_ilac. ^I j>-si ((_)j»-C'2l ^Uai j^i) (JjCa-all ^»j5j 33 
1 g ll^l-a (_£^)a.l 4_iLaC. J^Aij i^dlx-all ^^3 121a. Cal) ^^lill 4_ila*2 (—aSjjjuj jj^aJI !j& 

iula*JI cjLajla^ Jiaa. ciua^ ‘(context switching) cIIUa oj$^> 2 ^W) 

.(lACjajj (^jlill 4_ifa*Jl CllLa_jLt-a 2)- a * v ' 1 (2 jj ajjaa^all 

.(4'n\,ac.) ^a-alj^jj J>a^aj JjCa-a]l ^jiLui ( _ 5 2* ^c-a^JJ-ail ^lialuxii j? 


C3 C*j Laa3 t(j>» LaCic.) CllSj ^ I ^ a_a3jjj ^3 (jl ICA 

12 4 IS.>«xa ^^3 j-^a. tiA nmjj C3 _(oJ>^a. di C*j) l^aS a_a3ji 4 f»Vi ^>^-1 (j-« J^aljj 

_4jjl*lLa d \\ ll^C- jpuCa oJ)_ja^-a]l 4_iLaaJI CllllS 
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C'iMl ala 1 ^oisLLs 


(competition) .6.4 

(jSL) ^1 lil .L^Ji (J j»-a jii ^llalLuii 4d jln'.l.a CjUlu 4-jjl*lLaJi Cl tl daxll jjjSij 33 
ji ala La jJC- (Jja-aj 4 a Cull (jjSlLui CllULlJl o3^1 (Jjx^a j]t 43J jla ^ ^ diliA 

4£jliCCa]i ClsULnll ^Jalall jjc. Jj^ajit iCA .4 aja>.a jjc. ^ullj ^llilLjj Iglja £■ jlili 

cisULdi 4 -ad cjLLa*li (jjjLuiii ciua .(race condition) (jri*dl 4 lla 

.4d j~'ua.ai' 

^ICaJLujV 1 g >.a» j £xa (J*-allJ Ig iS] 4jalLuws C ll i\.a» \i (jj£j IxCaji 
4 x A )-»\i ^JtC. <. 'llxi 4£.ljla 3jjj 4_ilac- (_j£ cjjllnlac. lild (jl (jJajlisi !-liLa t4djliCCa 
c^ji 4jullail ^Calluij qm IjjiJ i g .a \ n (JL^aliVi (ja La^l Aj'l? t (4djlLiCa]i) 
C'll i\.a»\i (jjjSljj IcA u t3A _<c-LiIa]i (ja ^IjVi jSl) <_ 5 -^ ji jailjV i 4jjlii]l A ilaadi 

.(process competition) 


£l jil! JSU1* .6.4.2 

jJC. i_alaj!/il A an j (JSLuia IgjS t— )3aJ ^glill 4liaVi jCaaJ Cjxmj Uu3 

.JjCaaJi 4 )-i>«iCl)l}la*11 (jla*J £3jliaJt 


(file server) cjliUil ^clall <_kL Jjc*j <I£cc« .6.4.2.1 


jjj.a.'ia'ni.iai' CiUia (JS jjj jali ^jy Clua L-ijulja 4*sn« liid (ji jJa jlisi 
(jjiij lag jjj djliCua i—ala (JjCxj U 1: 4J^ (j^Callaa tdlllA (jld 11] .Clslilali ^cla 
1 agia (JS ^jLi t((_aia]i (ja 4 Shi) o jlga. L_alali ^cliL ^.CaHaa JS ^ji(n« tCldjll 

(_J£ 4Smi ^3 lajjj ^clallj (J.u**' 1 ^' i_alall ^^Jc- ^liu (jl iCA t41ia-mj (JjCxjj 

4ji ^A 4i_aLdl ^^3 idle j 4 »..u.u JaiaJlj ^AalLuidl ^»j3J LaCic-j .^CalLuixi 

^CaCLuidl Cll!llj33tJ (jj3 i. ^ 4iLa 4 ami ]i^\j ^CaJLoidl ^jk J LaCjc- 

.4lLla. Cjla. ja-a l^ic- ^Cijj 4jdCCa]l oCA .(overwrite) ^ji ‘^-iLa Jaia (jdl 


4 ajlull (jjd) j)i t_iaj Caij CllSj ^^3 (jllliLac. (J-a*j LaJlic- 4ji jA ^iaxaxail 
^3 CllLlLadi Cjjjj C-1£i jj jlljJ LaCic. jdij . Jji Cll^liji 4_iLaC- (ji jlaill j>i» I 4^jl> : lgx> 
CjUlaall (jjj (jUxjj (Jlaj dli jV .(race condition) (jriuJ' <ia ICA 4a-nd l 

.^j' c5^4) c> j*4i 
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Jji t'l'iMl ala 1 ^oisLLs 


j^al! J>2>-=2! ^Uaj 4 K > « .a .6.4.2.2 


^jjj 0 . 1 c- ^C. J-a*-) (4 \ )xa -LijIts ^glc- (4laj tilSliA (jll IjJ 

(i JlxjLall I^A j-v ~v\ (JxaC- ‘La 4-likj (_y3 A^lj -iaiLa lAW iA iJAj 

t^xL4l (jjjsj A)y ***■ -\j jj ( l-j ^jalL lI^c- '■AW ia (j^ distil (jj^j cs^j 
? c" VW 1 liLa (dlii_j]l (jjiij .Axial! J) 2 va. *•. '!!» 4_iLaxj (jjc-^iJI ^ 

4'i\«4 La IllAj 4^-jli AxLa Aj^j (_>* A&AL dlaUj i £-^)A!! ^ ^gljS/l ^ l\.a«\l 

^aJ (£-jli Axla A_j^j _jljlklj LLaU ^jlllLa*Jli (L_) £-^)il!l ^ djiiu (^jll 4_iLax!l Ida! 

(JjAa-all ^Ui f-LilVI oAA ^gk ("^jli Aa.lj AxLa A^,jJ ^xL" (jjllLaxi! ^Uaill (■- ll sS 

4jU»\l dLaiS°l (La t_m2 (jjllLa*JI (_£Aa.l <-_aj£>jlj ((JjxdH ^Uaij) 


jl n-sl j-a^l Aijjj 1 g \-aC- J^Slui ^gljlM 4_ilaxll <—i}3jj dla Axj (Axiall 

j 4_ilaxll . (IgJuSjj (_Jj 3 Ic. jli 4 j.A^jj Axiall dl^jjjaJ ls^®) AxLa 

^(jjjj-a Axiall 3 ^^ ^1 (_j-a i_ 5 A]I Axiall 


d3jIuLa]l (-jLuiaJI 4 IS. jda 6.4.2.3 

(j^jjll^C. (jjj dljlda (—iLaaJl lAA (jl^j (La (iliaj ^jlia (_ \\ tus c4H lA (jlS lil 
Aa.lj dl3j (L3jlila!l (_ )\.mail (_j-a jLa!! ^ja ^Axa (. l\m (jilj-axll (_ llr (jij i^Sla j JiaS 

(jjllLaaJ! CLna. (dJ^LLa]! (—iLmaJI ^Jic- (jjliLaC. JliiLui liA (jJC-^ (j-a 

(jjllLaaJI Clia3jl lij 1500 JA 

100 ^3a) l_J_jlla>a]l ^lj<all (_ l~*k >m 4_iLa*JI dlLijj (La lluil JjAa-all 4jaujl_jJ 

<Ll3liil! <iLa*JI J)^-2>. dli ^ij (j! Jl*J .J^J^ 1 1400 uVi ■ a 

j-i 1500) _jl n'vl _jAj (Ajiaj dljlS j-al ^su 3i-a!jLai 

200 _?* 4 j'VuM ^Ij-aJ! ^Axall (j!5 lij 31a) Ali-a^l (j-a ^a-aajj L_lajjJI Aajlmj 
jlj (1 Its 4 ojiA jm’ij .(j)^ 1300) cs^iLall Au-a^)]l 

.Luja IL^jlall a^j dlill J-aC. 

o^C-lil ^JaiaJI jjc. Jjj-a^ll jum (j !5 liL^aj ( _ 5 H 4 llalaJI 4 s ni\l 

La^ ^^^laljjJ J^C-) 4iuiLa jjc- ojjja<aJ dljllall L_lLuiaJI cs-^ - dlLLnll 


(138) 














Jji t'l'iMl ala 1 ^aAli-a 


o2a J2a ^ 344 ^ lK .(race condition) l 34 ^' “dla. C5 -a-uu Ua4. 4ic. ^ 

.45>^).u.4a3l ClU3_n3l JjAtlj ^j£) Vi)»< 4_3aaJ ^ JaS3 o^lj 4 )3.ac. jjl (ja 

(critical section) ^4iku]lj (race condition) <jj3_i*4l <33^. .6.4.2.4 


^-Aa_ji3j 133_a. (ja ^Iju ^ g a)-m -a 1 ^Hiu ( _^l3l (_J£3_*aa3l 

(JliLall Ji^lLai 3g 3~v lib^jlaj (jj3_i*a3l 

4j3ac. (JS dulij ijjlilLaC. j)JJ ii3jlula 4X J^Cia 3jj.}3 (jtS 12] 

.(read x) x j^ia3' <aja s*lja 0 


.(x=X+l) A^ljj jltla3l 4-aj3 o4j j 


O 


.(writet x) oAiAall jj*la3l ^als Ilia. o 

4_ila*JI 4^>J*Aa3l 4 au 2 ap-l^jaj Cl)3_ila*JI -lai ^jil) LaAic- 3Vn« 4l£uaa3l 

. ^)ixla3l oAlAall 4aiq3l 3lq-\ \ jVI 4_iIa*JI ^j2j (jl ^)Jtla3l 4-aa3 4_ij31l3l 

.2 (j-a .JlaljJ Ajjj-uj J^*4a3l <j' (jlilLudl Aiili Axj 4jj3^l3l 4a-iii3l (jj£lui3 

4_iiac. *433 lA ClulS 12] x ^)4*lai3 (JjA*a_j3l (j-a (_£^)iJ 4_ilaC. (_£I £_La3 (jl _jA Jail 

.^Ju-aJ! 12 a aAalmJ 

Critical ) 4a^jail 4iLlaia3l Ig laaaj 4 i3a«,3l t4jl*aa3l ^)4*la3! £a (Jalall ^^l 4iL3aia3l 
Ilia 4_i£Laa Jalj i4_ajall 4l3ala3l 4j£jl*aa3l jjilail 4_aJaia j)j£lui .(section 
^a*aj Vj .la^jall 4llaia3l (Jal.} Ail) o-lalj 4_iLaC- *431 iA jl (ja ^£11 j jl L_laj (jLluJI 

.l^-ia jS?l 4 ]3a» 31 ^ jja Au V] lajall 4l3ala3l J] (JjaJl3lj 4_ij323l 4 ]3a» 33 


(jJ y&\ .6.5 

ClI )3a»3l C l,h'l ^gliilj (jaljl3l (jc- 4 aal 41 (J£3_*4a3l (jJaxj ^glc- (j^)!^-**) 3lA 
.^jiiLa ^^laljj ^32aj j3_iH^ ^.Allujjj oj_^-*4a (JS34la ^^A j jljla3l 
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Jji t'l'iMl aJa 1 ^oisLLs 


(reading and writing problem) j S<d jail .6.5.1 

4_iLac- ^j/ian tiiliiSlj L- iLuiaJI 4 l£jjLaj jj-ali <1 £uuus ^ 

^ya d)Laji*-a 4_ilaC- LaiiJ t4_Aj£ 4_iLaC- idlULlJ! o^C-U ^jlc- 

<3^)*-a ji (jljjJa 4i.jll]l .Jlc-lLall ks^ja-a !iliLa .oal^jS ^j±i*j idlULnll a-ic-lii 

JlaiLa J>^a. ji i_y° ^ii-a *•. l J v>u 1 .ai n da 1^)3 dll i\.ac- ^^A dlij ll >m~v\ 

.4_jU£ d \\ i\^c- (jljjila 4j^.j 


(_ji3 ttifjlid<a L- ll tM~v ^_ya Jlu^ 3 j )]I k9^>*-al t- ll tu-y <■ LAi£ ^JjLaC- Juijj |j| 
eatjS 4 ]Uc. ^_ya _j!i£lj ^..a.>.uj) dlULiJI a-lc-U (j-a .lijj lii'i t4 KAii-a IjlA inu) 

CA£ lil 4 £j1uuJI djUlnll ^jic- 4_iLac. -liiiL V (j£ij .(Cl»3j]! dili ^ 

djUlnll C 5 -® 4-iLaC. CjIAj IAIA idsULJ! oAa LS lc- (J-a*j 4j1j£ 4_iLac- >AW iA 

jUajj'^lj L_i9jAll daljAl! dll i\.ac- lg_i3 Laj djLilaaAl (JS c 5 -^ 4^^jduAl 

.lg \.ac- (j-a 4 i\,aa\' oAa ^jij 


LS J^\ dL^>>u\l (jjlc- 4d)l£^j (jjtuiSij JSIjji (JlLa djUlnll .3c.!jii ^sJaj _j3jJ 

(exclusively) kjjl£l=J »j (lock records) lJj^' is 

4_ia3ljj (_yadaj l.l£Jj alilil 4 i\,ac. ^I (_Jj3 ^_ya ^Laj 

.(consistency) 


dlULni] Jjj^aaj]! ,_ya <Aj£A! 4_iLa*J Aj!>U| 44£jld-a dlULnl! SJftlS diil£ lil 

.(exclusive access) a ^ jliuJ' 


.kjUSJIj 4JjiaJ! Jia.i jib i alAaJLoil (jij 


jjy\U£l\jU \jSliyLSLa .6.3.1.1 


The first readers-writers problem 
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Jji C'nll aJa 1 ^oisLLs 


djllLil! (Jj^-ajlb (j ja.i 4jlac. (jV ^.A>.aj j)ia 4jlli£ 4jiao dill iA dljl£ Ij] 

(jV j)Suu3 v oolj3 4 i\,ac. dlUlull (J-alxlil) ^^lill 4_ila*JI CldlS li] (j£]j c4^jlLdaJI 
C Cal) ool jail Clil i\,ac. (jl (ji _4£ijlLuCa]l djULni] j)-a (_£ jiJ ool jS 4_ilac- 

.ool j3 4_iLac. dill iA jjjfLi V (J. ia. 4jlli£HI 4_ilac. idaSjli Laiu 

4jjI! 1]| 4jl_i£]lj opl jail 4Kd.a .6.5.1.2 

The second readers-writers problem 

ojadVI jJalijlm i4jIj£ 4_ilac. idol-?. ^ l Of. IjS 4_ilac. dill iA ddl£ Ijj 
Clll ;\.a» \ ^ (_£ jdl ool jii 4_iLafr dlol^. !c] oljliVI oCA ^ looljsll 4 )\.ac. jail 

4_iLac- 4_ila*JI oCA ^Irv’n j)l jjlL/Ul qm jjiil (j£lj ‘(W ‘■^ x *) U *«3jsll 

4_iilii]! ooljill 4_iLa*J 1 Kam Icjj .4^jliCCall ClsULnll atcdlml Ig \) a i Cnlla ( _ 5 lill 4jlliS]l 
jjLaja. t- ini.ni La-a t Ic^Aj 4 as A ~s j 4juljj 4iillii ooljS 4 il,ac. ^gjlli Ca3 J-aaJlj 


CllL^aj lil 4 jU£ 1I 4_iLaC. ^c. L- )>j dllcl ‘(stctTVcltion) j)-a 4-jll^l 4_iLaC- 

dll ;\.aC. (jl (_51 2 (J-a*J! 1-lCi jlj ^jVUI qm jliSI jlalll] VI jl)VnV' 

4_iLaC. dill IA j)j£l] V ^glisk. oo I jail dll ilaC. j V' 1 m \ iLgJj^aj Cja-aJ lad 4_jlli^l! 

4_illi£ 


AjIIjII 4 -jlli£lllj ooI jail 4 Kd.a . 6 . 5 . 1.3 
The third readers-writers problem 

d'1 ilxac. jjV (AjISSI! d \\ i\.ac. jjLaj^ ^ t- ndn ^gJjVI 4-illi£llj ooljsll 4 Kd.a 

■ V jdb jUaliil 4jlli£ll 4_ilac- Jialij Ic-ld ^gjlll C3 ool j^ll 
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I'inll ->h i ^aALLa 


Ciljl-ac. (jV op 1^)111 Ciljl-ac. (jLa^pw ^ L. ium~u 4_jjliill 4_jllSiilj opljlll 


^Ij ^3 ^llllj tlgJ ■‘da^ (Jji .Aic. (_fajdlj I 3 J ^.a>.i.iJ jUaliVI <■ ^11 ' ~' r - 4-jllSill 

.00.1^)131 dsLLac. ,jjJ CllULui] jjtLalj Ic-lii 4 j1j£i 3I C'lbl-ac- 


4_ilaj ojj 3 (_^AatJ 111 ClsULnil Jjj^ojII jl£ial ^j-aj 4ji (Jjlll pb»- ClllUll (Jail 

till lA ClulS llli itsjjlaJii V CllljUfil l^abVuul AiiS 4jl-ac- J£3j to-Ha-a 

J llj Ig 3.aC- jK'iaVI lift liljJJ (j! Ig j\»4 Ljjl^'i-vl CllULnll a^aiiuiJ 4_iLaC. 

.4 ]3.a»33 oj^Lall ojjAII 


(producer-consumer) bllgn . ud lj <j1La 3I ^ Kwua .6.5.2 

bounded-) ‘'j ^ ■»!' QjlaJI 4 3^1i,a ^Auil Ulial tillfrLuuallj ^clLall 4 3 £juu> 

4j ^g-lj^l 4j3,a»3l ttiljlda (jjLa. (jUa-ialLuiJ ^jlllLaC- UjaI (jjSl liA .(buffer 

I lij Lu 3 (jjmnll (jjlil<Mtll ^ylc-j .4_L« dsULnll (_5^)^VI 4j3,a»3l la,lj Lajjj dsULj 
(Jjlaj tliliArt (jl£ 111 (jjlaJI dUlu ^daj 4jlaxJ! (Jjlaj'^’ dua.j 

.lc-jli (jlS 111 ^jjlaJI (j-a dlULiJ la.i 4-jjUill 4 AaxII 



lili^iai^illj ^ilall ;(l-6) (J^4u 

lill^Luuillj ^rlLall 4 3^ Id (Ja. .6.5.2.1 

dlULnll jldaa.1 (jc- U_a9jl3l ^cIU-oll 4 i\.ac. jLialj 4 l^ldll olA (Ja. (jS-aj 
lalajj till^ll 4 )3.ac. (jjlall ^)£IJ La-lic-j .(sleep) bli-a-a (jlS 111 (jjlall 
(jl S> 111 (sleep) bllg~UM<aH 4aLac- <—aSjjj 4lj^)lall (jjluj .(jjlall 4 nan ^3 IdJ ^cIIaII 
la.I ^3 '\i’il IgJaULlj ijjjlail dlULiJ glLall jdaaj La-lic-j tlc-jli (jjlall 

^111 (semaphore) jjal ^d l ^ b-y U t L JaJI 11 a (JJiLj (j^aj .jjlaJI <_>a dUlnll 
.(inter-process communication) u ju^*^ ^alu 

ci^l c^! .6.5.2.1.1 
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Jji t'l'iMl aJa 1 ^oisLLs 


^Jic- COUIlt <J-Ly Clua. t4 K*«,a\\ (Ja>. (1 -6) £t-«Lj jJI 

; t _^L LaS <_fa*j g-atj j^ll 1-^ . jjLiJI (JiLaj item _JJ*L<a3l J t jjLaJL 


;iLlljj ? ^ ^»i Cjili-a-a _jA Ja i jjLiJI 4_iLaC. jtlVin 

if (count == BUFFER_SIZE) 

j]j ‘(slCCp) ^LjJ L-lAAjj jjLiJI -LuaJ jc. ^cllall L_a3jlijui 1 ~vj~s.ua j-aLM jl£ lil 
g Tudl Jj^a!jJjui3 Cgli-a-a jjc- jjliJI jl£ lij Lai ttillfrlmdl 4ja3jj La <LaaJ ( a^jj 

;j-a^Lj (jjjlafl j^alic. jLaiaaJ 


putltemlntoBuffer(item) 


ics^ ^Ijj count ^Jj fj 


count = count + 1 


Ij-aS/lj ?V ^»i £~jli j jlaJl (Ja jn-vn M till^2m>all 


if (count == 0) 


£_^jj j]j ^liil i»_)AAjj jjLidl j-a CjLLuII Lkl jc. <-_a9jiijuj I ~v ;~v>.a j-a'^l jl£ lij 
CjLUj lAW iA ClulS lil Lai _( jjLif] CjLLij j. ..a~v i LaJlic.) ^ClLall <la3jJ La <La*J 
; j-aL?L jjLiJI j-a oj-a (J£ j..a'ic- AiJj <LaC. c^ll^lm^dl (Jj^alj jLaJilj 


item = removeItemFromBuffer() 


count = count - 1 


:count ^ 


(1-6) j4' 

int count 

procedure producer() { 
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Jji t'l'iMl aJa 1 ^oisLLs 


while (true) { 

item = produceItem() 
if (count == BUFFER_SIZE) { 
sleep() 

} 

putltemlntoBuffer(item) 
count = count + 1 
if (count == 1) { 
wakeup(consumer) 

} 

} 

} 

procedure consumer() { 
while (true) { 
if (count == 0) { 
sleep() 

} 

item = removeltemFromBufferO 
count = count - 1 

if (count == BUFFER_SIZE - 1) { 
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Jji AY'll I aJa 1 ^oisLLs 


wakeup(producer) 


} 

consumeltem(item) 


} 


} 

jjjLiluJI (jJajjij lie. A t—lAjkJ l_L iS kil^ja-a] .(Jjliiil UAjIluj JaJI Ia& 

‘(if (count == 0)) d- d count ‘ 4Vnd l jd' • 

.(sleep) fd 

<_ilSjJJ d* AVill jsllaj ^U) 4iixJaULa ClLaJ <juil^)3 Jj^aJ (jl (_Jj 3 4jSlj • 

.(sleep d 5 

_(t (_ 5 jiaii COUnt Cllajjk-a!) jjjLiJI dj j>«-i ic. ^ClLall <■ jjjJajjoi 1&A*J • 

JaliVI 'Da (jts d-ai ^r~n.a\l (jl Lajj ttillfrLudl 111Ail ^CiLall (Jjla_) • 

.(.yjqnu) 4ia eAiliV lAA 


J «i*J 'Cits tl&jli oA^jj ( 4ili)l d®) (jj)l^-ll d aillfrlm>a]l j)Vj • 

l_)Iaa]I l^-jS da*-J (jlS 4 faS i __)kl jps d-a' (j^)^l d kLajoU 

(wakeup) dLV' d dd ‘<_sd>»j* Mdy dj ‘(sleep dAiuil) <»d 

. (counts 1 <jl^ t-« Aic. ^ciial! <j f li) Aaa as 

AS JaULyi j-al (jl ^ Ji laijJjuiJ j)]j ^Lid tillfrJjudl l_1&Aj3 • 

.(Aaa 

j) jlaJI oAjA^. j^alic- jLAaalj ^JLaC- ^^3 ?ClLa]l j^iLuiLui • 


if (count == BUFFER_SIZE) 
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Jji C'iMl aJa 1 ^oisLLs 


(j] 11 a (j£Jj t21^1m>all j_ji (jCaljlislj ^aliil l_iA.1luj lAC*J • 

i C_lAa-j 

jJaajjj l^-ajj (^3 43jlc- 4_iLaC. (J£j (^3 (jlj j$H j»« (jLlilaaJI (jl LaJj • 

^lilu La^a JjV! (_2I Ic^A (jLLajL (j5llaiui3 t(4ala C^jJ Vj) 

.4jl_a-a V (jllikl 4_ic. 

(semaphore) ^Ic^Uj J=2I .6.5.2.1.2 

jA j^LaJjuJI . jjLLaJjuiILl ^g-ajaiJ La alCaliml 1 i l5.a i 4 KLii.a\l oLa (JlLa 
Lai i(jjlLa. jjSLaJjuil] (jjSojui Clua. idll ^)lali]l jjj-a ajiajj] LajC3 a^klmJ Cliilia <La5lc. 
ILLj jjLLaJjmll (JjjLuJI ^jlaiujj 4 )rv.a\\ (_)_j^.2l Ajjjj o^jLalii LaCic- t(j_j3j _jl ClI Vi 
c(a.l^)jCaaJI jjjall SjLuil 4jjiiu) 4 ^]Luj (jj^)la]l (jl ^\x i IC£3 C~ iVi 4 “n» . >■j ClLl£ 
(Jj^C C*J ^gifrl < __ S 2J jjLLadxjJl ^3 jJjuj 3 ijjjljjlaUi (_gL5Li (J-aliaj V CjCi. 4 < \>m\I 1 ai. jjVj 

ojLLI I La 4..uiiuj ((JjaCCa JaiaJI) JikClj (jl (_£^)V o^jlaUj] ^a.a.aJ V Cll'N.l ojlilqH 

.^Ij-aaJl jjj-all 




t((jj!Laj3 (2Ciaj ^Jic.) jjSLaJjuiIl JlLaJ ^jji-La ^CVi 

alcViml 4_ilaC- ClllCj I LI ^li .(jjj3 <La5lc. (_£jiJ 4-aj3j CliV <La5lc- 4-aj3 Jlaj 
ILjj i jjiLalxjJI JjilLa (JVC (jjj3 4^aLlc. JlLal) 4 .all'l ^aCaLuj <£ jlCua CllLLlJ 
Jjji 4lLa5lc. (jl Lajj jjLLaJauJI j/i V>« 4£jlCCal! CllLLJl alCaJLml (_£^>V 4_ilac. CllCljl 

.(jVl <SjlLuCa]l CllLUJI ^IcVLuAj IgL ^-ajjjJ V 4jl LS"^S lc$3 


C. IcLalic-lj <£jlCCa]l ClAjLnl] (J^i-aj]l Jj 3 jjSLaJauJI 4_iLaC. (_£i jnV Lajlc 
^jIuLaII CllLLull aCaJiujj 4 il^c. (_jl ^gic-j .^aj5Ul 4_iLaaJI ,1-v n 4jtaCaj 

^-^>31) (jl Caj t(^)Jja^iMI jl L-lljlisVl ^-_^La^) jjSLaXuJ! ^-Caj Jjill jjl 

<2iLLa CllULlJI rji/i'ij CllaL jjiLaJjuill £-Caj jJalLui 4SjlLLa]l CllULull j)-a 
4_iLa*JI ClutiCaj I LI 4jS ^A jjLLaJjuJ! ^aLlaj (^3 4 u^iLk ^Al .((_^^)i.5/l Cl ll )\xaa \\ 
^glia. jjLLaJjuJI (21 Jjj-a_j]l (_£^>a.l 4 ilxaa\ (j^-*J 5li jjil.A.u.21 ^gi (jj3 <aj3 

.(Ia Jp^) l^ii3jJ ^lij jl 4 iloall (J^aliSl) 
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Jji I'inll aJai ^oisLLs 


emptyCount j fillCount ^Vu«u« (2-6) j4' ^ 

_ Jjllla.'i! A Kd-a JaJj JalLVI c"il (JaUj t- nVi' 

j^iklou V) ‘emptyCount jj^ - a- u . 2 1 l 3 ^s g-4jj2! 'aa ^ 

.fillCOUnt ^^sLaJjoill (jjlaJI ^ £_daj A*J ^aJ ‘(AoAA (jjlaJI 

^ d n~s j ‘fillCOUnt (jjLiJ! (_ya AaJ tillfrlmdl Ajjj LaAic. 

j_j3L<UjuJI QjLiJI A^-i A*J ^ali tAjaaJll oAA A mMI ^r~i l.a\l x-lLalmJ 

.emptyCount 


( 2 - 6 ) 


Semaphore fillCount=0 
semaphore emptyCount = BIJFFRR S 1ZF 
procedure producer() { 
while (tme) { 

item = produceItem() 
down(emptyCount) 
putltemlntoBuffer(item) 
up(fillCount) 

} 

} 

procedure consumer() { 
while (tme) { 
down(fillCount) 
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item = removeIteniFromBuffer() 

up(emptyCount) 

consumeltem(item) 

} 

(jl£ Ij] (jSJj . Calj Calj li]C3 (jlS Ijj L- Lml l.a jjiLaJjjJI (Ja. 

mce ) ^ic. ci^-33 11 a (jli dl^ii■ ^ ^_y± jiifil j/jl Cy* i& 

.(condition 

(Dining philosophers problem) *ldic. AifLi* .6.5.3 

jic- oCCxlLa Clil il-ac. AK>u<a q £- e jlic. jljllil <ajC 3 A l^mi-a ^^A 

o& JI>oi (Edsger Dijkstra) Iji-ASic <dl*JI c&i 4 1971 ^tc. .ai«I jla 

klajCoi djlaljjoi 5 cs-^- p jtiiiii cjUuiU. 5 (jc- C-I-^CL jAj diULudl (jij (j-aljlll 

a IP Ji\A (Tony Hoare) jdddl lAbuii aJoIs ojiiij Iac*jj .APjlicia a 3a i»,a<a 

i_ijiullA (_JS Cilia. 4(_jLa^)aJlj Jjliia'in AilaaJ (JlLaJ ^^Aj .A_Lui7Ul31 »ljllc. 

_(_£^)a.Vl a£ jCl3l qC. Cliaii AilCi3l oCalj <PjCu Call 
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c-Lijoc- *^ 2 - 6 ^) d^ l ~" 


a W *a\\ 




(jl <_j^jgiLa (_]S ^lc- j o^SluiA <ljLla ^^Ic- jjmU) 5 i& 

4 >.ua\ tdlliA j_(_JSIj ^ ^)Si3 lijj t^)Saj V (_JSI lilil jl (JSLi (jl Lol ‘(jJJ-d 

1 0 jLulI j t. Aj)aj.)\ <d-^ (jxaj ^Ic. (j^SkJ L * U2kJ t(jj3^ull}3 (JS. j)JJ 

(jjlll! (jjj£j2i]l oV'.nj jj| jpa Aj^j _(JS^U (jjjSjAl! ^AaJimJ (jl JS ^Liajj 

t(_5jxuJI <Lui!ila]l (JS Aa.1 lij .(2-6 ) lMI Cojjujlxa ojLojJj 4 1i<oj (^jic. 

l^)laiL<s <_a_yuill3 (JS JiaXuij i^^-Ladl ^SjjoJI ^^Jc- (Jjt.a'vll i.a (_£I ^dajjuil j)] lAAic- 

2*—S 1- Oj.nUU jOajjl ^_a (jjSiuj 6 11_fi 1. Oj.nUn (jl (_^i ^gJuull a£^joi]I 

jlkljl) I^£aj t4j£jjj idjid 3 1 —® <—sjjuiiia]! jlVinm 2<-i <—ajjuiLallj idjid 

.(deadlock) <j^) ^ ‘(ls 

;(_5^a-a jjc- <Ja. 

aSjjoJI (_Ja ^)yi~vi (_^ jjm2l J->q'i \ 1 i a^g j.j.)\ jq\I (_)»•> j klSiiui]l <2^. (jSLaj 

4_iiaj o^)j3 ^JaaLj (_£jjou]I 4j£jjJj (__SjjuiLa]l ^>11 (jSj (jli i<aHa ^-Ladl 
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Jalaallj 4iLuijlill (_JS ^ls Ia| Jjiaj as 4JL^)la]l oAA _(_£^)i.i o^ys SjSlII Ai*j 

a*jl£jaS 1 l >.j l 3 La ill I ^ ' ~n i (jls w ' y I j AllSj ^3 (_£^Jjuijl ^ Y N j~, ■',; 

^gjlSjAu IjlaajL t4jLuijlil]l JS] 4jjLuiLa aAAa^a 4_iiaJ) ajiiS I j^))-»Yl ij (_£jjuli]I 
(_£^)al a^ya (_£jjuaJ! ^jlSjAu lj» ■ >»; ■ » c^Uj] ^La-lll IjAa.) (j]j t4_ijlj a^ya (_£jjuli]I 
4jlgj V La 4jjla-all eAA ^gS (jjjj£j Ijllil Ia5Ia j i4jjLuiLa 4_iLaj ojy& Ij^jlallilj 

La ji (Ac-la-a (Jj-aajj) (JSjM (j-a 4jLuijli]l ^^) 2 »_] j-a^l lAA .'Vajls A K>«,all <_J]ajj 

.(starvation) lMj^' cs-^ 

tJLaiia.1 ^^JLiiLj 4_L)I_jjuiC. ■‘Uluj^UlI! jUalljl AllljjS (J»•y ) A I5>a<alt aAA (_Ja (jS-aJ 
iA .alVij/t qa jj!i£i (_Ja-^W c3f^i La lAA j ilAa. lqi»>Y» (j_jSL) AS 4_jjLuiLa (j_j£L l^ji 
L1 ]a .AjjljAoaJI Allljilall (jjjUaJ t- \un\ jLiail (J-a!iaj ^ (Ja. ^1 A -yl -yi (jjSd LiLal (j£l 
A .ala'll (J!La (_JjiS (Jl .a’ly I (Jj<!l) ^ 4 ml my aj^aJ jjAi La 4-ajaj^l (j-a LUIaA j) V 

(Jc-bLall <jS!j^ 


\jL\ Ja 


Jjs L_a j . M \jq\ l ciua i (semaphore) j jiLu-m ^ hvim b ^jij Ua 

jjSLuxjJI ASjLlJI SaLc.) A*j t(dlaj) jjSLujuJI (Jjiaj 4 ^jjoi ^gic- (Jj>-aaJI 
(j£Jj j A ii»,a 4_iLaJ) A )i\' ^k (J£L (jl L»qS Aalj <-_ajmiiS (_j£-aj 4AJ^)ia]l sAA ,(t_3_jS) 
JSVl c- (jJ^Als (_jjSjjjj1jS ~iA (ji (^LajlLall (j^iS L3 _jjA (jj.i^~y ~iA (jl Laj 

_oA^I^]l A ]ay.\\l ^k 

; jA Ja i—jjjoilia]l ^JLa. ^-iiij liA 

.(JSL • 

. jSL • 

( _ s ic- (jl Ajjj) ,^jL=l • 


_(jjl£L ^ AjjLa^ (jl£ I Aj JaSS (JSL (ji £jl-aLl i—jjjqiLa]! ^llaLujJ i“ n~y ) 
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(Cigarette smokers problem) .6.5.4 

Aju^jI (jc- (jjj (jc- C ),K'i't (_£ jljjll (JSLaus A^l 

\ fu^A j .1971 c?3 ^ 

alj>aJ i-—)7Ala (j-a (jjSjj "ij)\y null (jl yzajy 3l 


Tobacco 5“ • 
.paper Jjjj • 


.match ijz- • 


AjA] (_j^.A/a (J£ 4<UjUa (jjjuilaj (jjLLAa dj^/L >.AW lA (jlS lili 

ya (jjjj! jLii^l Axa^-a (ja.Aa jjc- £jl^) (j.-TV>« dllliAj .ajl ^ null alj>a.l A^l ya 
dllLa-l La^a ya aA^lj 4jtla3 (jjjjVI a-Vj^A ya A^lj JS tLLljdiC. Aj!iLi]l ^jj-vVait 

(J£ ^daXuaS *•. ) J vL^aj i. )~\1 i.s> Ujik! lij !^LLa3 iAjjUall ^gic. AjjJ>a-a (j-a 

ajl-NUull (J^ac- dlUMI (^LAaII (_j-a L_lUaJj .aAaJj aj)\ > Um J-aaJ C 5 ^! La ^ -ag i«a 
(jlS lij !illLa cajl > null (J-a*J aAil l 5-^' j_j j£^a]l AiLda) ^aJ aJjLL»]I ^ La AiJj 
(_1».A'l1 aJjLLILj (jjAj^j-all £jj3l Ig j\c- (_iLj A3j_j]l A-Ll jjoiS u. ll'Aill c. l~sU^ dJLill 
^jl^l (_^aida]l ^»jSj Aia jli AljUall ^ u.a'l La Aic. .aAic- (j-a i. llVi A^jaj ajl a-Lmll 
aAA jIj£j Jlajj .A-ajLuJI Cllljlrv\l (jjiij ^Ciil LLljdiC- (jji-LAx>\l ya (jdji jLiiaaL 
Cajdilxa (j^Aj ^aj ajl >JmN ^ u^a'i Lajlj jjLajj (jjJpJj V .<—a3jj (jjA Clll jlrv\l 
(jjiij ajl -v lui (_j-a j!i£! J-aC- Aj (_j-a (jjilk ilA^Aj (j^Ajj ^ u-a'i 

(JlVnu ^Aj Ljjtaill! Aljcl l. )~\1 (jtSj ^JjUall ^ii j (jjj ^daj lij .CAS^ll 

(jj-LAllI t- iliii]l c. )•*>! A^l Ig jolaL (jl (jjA CALj^I aAA 

.ajl •% jjoill (J-a*j 

>m j (jLLLA-a dj^ALla^ jljA^I (JlLaj ^ ^>u.a\l 

^c-ai^jJi (j^a A^lj £-^La^j 4(_j-alj)ji] j^LaXuJ! ^IA'v'LmIj ^ jyi.nA .(j^ li^.LU 

• Walt A'N.lt.il \ Jajjjauall _j\ alAaduil (j^-aj JafiS J)^3 

(JaJI 


(151) 
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.mutexes j' ^hVn«li 4 K^-al! oIa • 

(JSJ ola.!j A 4_jjlxl]l til!jjiLaJjjJI (j-a 4J3jiu*2La • 

.T kljllai] ^lili jjiLaJjui • 
.jlL-a Ajjllilj 4-aAl (jji-y.Vait tilljjSLaJjoi • 

.la .!jJ illJ kljUall jjiLaJjuj <aj3 (_J*-^!j • 


jjjUla]! jl’i-y j ^U! (j«al_uaJ! o^)Lui 


while true{ 
wait(T) 

choose smokers i and j nondeterministically 

making the third smoker k 

signal(A[k]) 

} 

• -ls a i (_yli4]! ojilj 


while true { 

wait(A[i]) 
make a cigarette 
signal(T) 
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smoke the cigarette 


} 


Rendezvous ehilll .6.5.5 

.33 JstiSlj (j-a eLjj ejlLa <^1 (jl ^c. 1.3c. Ijj .33 (jjjLai (jl 

(jl <j j» -s-t ta JjIlLoSI ^33 (j>» LuiA4jl La^jkJj (1.33 3l3lj (JS I ^>>>3 

iUiJ' 4 (j-a jl"l3) (jl L_lLui (_JS ^gjc. ijA .^>3^1 LaA^a.1 3L3J 

.4jc iJlia-iLm ^k^l (jl £3 jjjj A^lj (jl5La (_^i jl»Vn (jl • 

.^Ij (jtla jIaVm.o ^3^1 (jl (jJaljiSalj eiiSkillj i4±i (jl • 

? ^>i£l s-liil! (jLaJL3l (jjSi ^Ila. I jliij (jl i. 13 J 4_ia_iiljioil (_^l liA (Jlj^oJI 
.I.3jI ^^.Vl LaAAa.1 .33J (j] AiSUiiUa jUalj^l (jjjj^l jj 3 lil • 

_ jljljjj (j| s 1 i (jc- l'i~v jj (jl IjjS (jj • 

443.U (j-aj) I liilllm I .a't3^ Cl3 jj (jl j3.Vlj jiVij. 1 (jl LaA-laJ j^)3 lil • 

(sleeping barber) <JP^3' ^ISLia .6.5.6 

44cj A^lj ks!il3 A^lj (j!3la. 43 l 313 (jjlLi-a \_1 ja 1 (jl LLiajjSl lil 

kii^/I^JI ^ (jj^ilaJI (jjila.; ■ a (jjljJ) tilllife (j£L) lil . jl )Vl i^U ^^juil^^il (j-a 

jjjlcJI (jl£j ^>3.1 (jjO *!-?■ lij .(Jj^iLaJI .latajl 4 (ijijjuiS ijj^j Lk^J La-3ic.j (^Ujj 
(_ k^aj Lal£,j .jUalj^l ^gjuoIjS A 3 I ^jic. ^gjliill (jjjJ>]l (j«l>.n«3 (JjVI (j_jjj^ 

■33jj (jjjj al3 lil .jUajj^l (^gjml^)^ (^glLaj (jl ^Jl jUaljl qA^jlu) (jjjj 

.(jjiU-avSl aj^la-a 4 il»3 klj>».i.u<a jUajj^l ^gjail^)^ 

J 3 JI 

• dll j j31.a.l>.m C1l3Ij a^aJlmj klkiiwJI ei& 4 J 3 J 
(jj^j]acLa]| (jjbjll j^sLaCui • 
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(ja*J ((J til (~. ^ jjlj _jA (_Ja < ajJtiT) jiuLall jjSlaJjui • 

V briaj : (mutual exclusion) cbbiall t> -^bilj li^bi jjsbuaa • 

_A^lj ul) 3 j ^^3 4 l!ulaJb ju. 4 vS. i"a\ ^.aaaj 

j (mutex) 4 -ii^bJ! J(jjjj ba JS 

jjjlVilaN jjbjil bJlC. L-LoiaJ (j! jjlb^il J..b^.J jjJ jil ,^> h ti]]^£ 

^^Ic- (Jj) t ‘^ >J>> '" (Jjbsj) J-^.» 4 *afl Vjj (ja\^jia 3 Jl\ 4 . 1 c- ja Jsl jl£ bis 

.( 4 _uiii jiulaJI j! j)\ 3 aViVI 43 jc- jjaa 

ha.l_ 3 J 4 i-jlill 4 . 1 c- (j-aal)j jai-N lui jjjjll -^J lij 

.(critical section) 

^ L a joill mutex jj~\h«j t4_2atLV j!/bsJ1 J] sjLujj jLab jjjjll 

jjbjil ^jbtS jjit-aaa ji/laJI jl£ b] _4_i]c- ^gAc- aj.viaib (JjulaJI ji) jjbjil 

la-lic-j i jjjAaiiail ja jjjj jb jb t jib jUalil j!ub«JI (Jauaa . jUaliV! 

i 4l!ul^lb ^baxail j_ 33 l.a-li.aH 4 lisaljj jj jiVnail jjb jii CjljLil (JjoijJjoi lij'ual 
Single ) blia.1 ^g-AatU lillil j!uli. (_ 5 -ic- (Jj-bbi 4iSuiaall oilA /oja JS -I^lj 

c>^‘(P sei:i do-code) cjljib ^Jj bus .(sleeping barber problem 

. j]| jlajs. jdl JSS 1 gi£lj t jl Vi-N^H ja 4 _iibi. jab jilj jiuliAl jij ja! jJill 

.all! jjAlaJaal! baA jiji jiiib laA V J P -^?b 


Semaphore Customers = 0 

Semaphore Barber = 0 

Semaphore accessSeats (mutex) = 1 

int NumberOfFreeSeats = N // LijLiJi re LuJi j re 

In j j! 4 ilac- 


while (true) { // v _#JLj._o j._ai j 1 

P (Customers) // pLtu j_j I j j Ju> j 1! I l I j j j j j J a—iut 11 4 1 j Lt_a 

P (accessSeats) // j-uruuJ -uuj_u <‘UtLJLji pj Ltut-LJ 1 0 Jus 

I_j._ 0 ._JI J_c I_La_11 

NumberOfFreeSeats + + // j_j Li rjs_Lu rLJ Lius g-uah j_LJ 

V (Barber) //LJ^btJl i j_lu_J jus L> 

V (accessSeats) // ^ijLJJi ^oLc 1 -uuj.L'i 

// jj-uJuJ ' jJ>LuJ l 
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}-»i-s ji A )\^c. 


while (true) { //'J j I jS—i 

P (accessSeats) // o_>ul<i U^Lu 

if ( NumberOfFreeSeats > 0 ) { / / j_j LJ j_x_JLs aLJLJ_a t Lj> lii 

NumberOfFreeSeats-- // j_x_Lo.J I ^-Lc <yiJ_> I 

V (Customers) // u>ej jLt-l_ji jbi < j_i_^i 

V (accessSeats) // ^ij-SUI j^Li i 

P (Barber) // t Lj> lil <_t_S 1 i( ja—jj—H jj j u l -^ 6 ^ 1 

J J)_jLaL _0 _1 I 

/ / i_3}bt_l I (j_S (j j j_J I (jJt-O-L-L-uJ I—i_B 

} else { // <i j i_ 9 j_c LJLo j_> j_J 

V (accessSeats) // jlc l_Lo_ll j^Li i jj_> 

/ / (j I b_5 ^ jj-jjJ' j J Ltu 

} 

} 
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jjc. jjjUj .6.6 

? (j-a! jli]! ^j^jLa La . \ 

? Jjt.a'q.all La 

? 4jjLCLa]l 4_ilaxJI j 4\q"n«,a\l 4 ]\.a»\l La 

? 1 g n.i L<u9 (jjl*j]| 4jJ)!jlLaII CllLilaaJI ^LLvj liLaJ 


.2 

.3 

.4 

.5 


? l^jLiiuus Laj ? (race condition) <j4^' <5^ La 

^ 1 ^ \-v \ L Q ^ jj 

? (crtitical section) <=>. j=4' 4ikidl i_sjc. .6 

? Rendezvous .7 

^ 4_jola^ jSil 

? L«a& L<j (Ig \\\ l>uS <jjIjl1a31 C1iLiIa*JI # 9 
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• f * * * 

jUlkVI 
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t'l'iMl ~oisLLj 
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C-LJ\ L_lUll 

(deadlock) tj^V! 


.3jj-a 4_iLa*JI 4.) \Lii .13 j 4 ,ljl_^a]l ^g-lc- tlllLlLaaJI (jjjSLiij o^^aJLaJI 4^-a^)j]l ^k 

4_]l^ ^gJlj (Jj 1 a J)\ 4_}la*JI jLi i/i'lui tdl 3j" tiUi <^-3 ^liLa (j-^J ^-1 lil 4L-a 

j'NVt 4_ilac- (jV tlAji 1 g La j.;»~n 4_!LaJI oiA <^3 4_ila*JI gJJaj .13 j 

Jjliii.! 4 -.iAt.Ll £daj]l 11 a . jUaiil 4 jla. <^3 Ldaji Ij^a]! llA 

(Jja-Lu]! ^Uaj (J^Ijuj <—ijS (jc- Yl.’iv'na 4 _iLJ! lilA ^ 


(resource) ^ <—. 7.1 

4 4_lL^2l 44_*jUa]l JiLa) ^Lic. (j- 4 A-aAaJiui 1 La gj£ _jA 1 j_ja]! 

.(glli^jjjl 4 iLa itllULlJ olc-lii (Jjla. (JiLa) tillliLaj g-al^j (SjSlillj 


ciU^VI ^. 7.2 


LgJuj (j-°) Jjlj-a ole. ^iVLu'i I 4_2 a*JI Clul£j 4(4_j j 1) (j-mLaC. Liil] (jlS li] 


L_l 4 _i1a*JI liilJ C1l3_j]I (j-3 i2.f ljj-a]l _jA (^iLda) Ij^ja ^Liajj (1^ IjjaII 

L^iJ!) 1 j_^a]I ^A Lb 1 J3n (J a£1 ] ^)dJ lj_j-a gg-J) ^ Lodj 2j» lj^a]t ^^kluij ^j\\ 

gjj 4 iLaC. gj.^3 4^1)1 a.l_ui La ^^-11 £_da_j]l llA ^^3 gjLLilaaJI gJlalLui liA 4(i 4_ila*JI oij^j 
j ^"' 4_iLaC. (_}£, (jV (j 1 V'-vV' Lllla-j LiA 4g£ j p k LM 4_ila*JI Ijja ^LiaL Ig-iV (Jaj£l) 

.llji l$£j2i Vj Ig Al-Vud ^jlll IaIjIja 


g,~\)^ JJ J^L» .7.2. 1 

ejlj >m\ ^-uUJ (ijj-a) (_ 3 J .>i j-aa ^^.3 (ill^4_iLaC.) ojU^uj ^jSj CliiS li] 

; j-mII (jJiAj d) \-v^j 4_iLac.^) (jjjSLst-all olajVl (j-a ajl-Lui dla-L^j 4 )-a33 oA 2 k!j 

(jl LiA 4j-a-a]| ^>JC- ojLluj t_]£j j-aA]l 4_^3 (jLjjLlJuJI 4 "isMli 

.(1-7) (jSd 4 ^>aa1I ^ Jgl ilk 1 4 AW iA 
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Jji t'l'iMl aJa 1 ^oisLLs 





. JAA (Ja.L jLiikl :(l- 7 ) 

ojLluj (jli i(2-7) (_ 5 ^ La£ dlLstJalij tillli& jjl£ lil t j^l (JLi-a 

.jj ; j>la]| CIiIjLluJ! (j >»») La 1 g j£-a) ^ 



(jULa^l 4 > I I » .a .7.2.2 


(jl ojl j-J j) ^.al j-a-all (jl Vi'Ll ^j.3 !iLLa3 i4_Ia. Laj^ (jl Vi-y^l (jl -laaLilj 
.^jAall qC- (^gic- OjLua jll^.1) j-aj] (_£ ji^l 0 jLluill iLljln] a 

.jllrLVI (J^ (JJ jJa]l ^ jLv CjIjLluJI (_pa*J <^ljj (jl .laj j jla]l ^lalij (JlfLa ^ 

jjIjaII . 7.3 

;La& j)JC._jj ^gj] .}jl_j-aJI ^m.iVn 


(160) 























































Jji CiMl aJa 1 ^oisLLs 


^ 11 a ^ jj (j£^j :(preemptable resources) £ j-iil cjlj^ • 

.ojSIcll (JlLa iJSLLa 1— IHa) j_jl (jjJ ‘U^Sun'l A_lLa*JI ^ya 

Jli. cisc^j as :(non-preemptable resources) £ jjp. cjl^a • 

CjLI jLuuiVI (_]•> m-a 4A_xjlla]l JjLa i C^j-aJI 1 g i-a Lie- jlijl lil ((_)l»»‘n) A_ila*Jlj 

.(CD writer) CLj^al' 

tA^aAVnCi ^li i. i\l»j ^j 3 li Igili Cj^a ^lAklml Aj\-ac- Ajjli LaAic 

_j_5^)2kl A_iLaC A_La AlilmlS A_ic ^A.*n A_La a.lgJij'^l Aic j 


(jjllLkV! <■—>1JUio-a .7.4 

iAJLa-a ^ Jgl Vi'S' Cl).W im All i\-aC- Ac- j-a-N-a ^3 C iqqVi Ijj l—jLlml oCc iA 

[^gA (J-JjS/l l—llfmVl oCA 

^aacla ^cUI ^ Jais SAa.1 j a_iU& -.(mutual exclusion ) JcUU' -1 

(jjiij ^gS Cjj-aJI (jjiij alAaJiml (_jjlllLa*J (_j£LaJ !il3 A n»-a\l AjaaklSI ^g3 (jJ*-a C^jj-a 

.Cli3j]l 

^a AkloU IaCj!_jaj AjWII 3a Vi Vi ;( hold and WOit ) jUali^Mj Jalida.^1 .2 

_l^XaC- (J-aSJ Cj!j-a Ajjjj 

t ] ^ : (non preemption) ^j Cf- c4=^' ^ J jl£i».VI .3 

\-aC- (J -all£ j La A-aAVLuij (glill A i\.a»\l (_j-a 

t>> aUuj <_$jjIaJI jLkljV' ciiAjaj [(circular wait) ls jULiVI .4 

Aljlij A ma Cjl^-a aAaJimJ Ac-j-aa-ailj ^glj^M A_ii-a*JI CCulS Ijj CllLilaail 
^_ 5 Cl]l Cj!^-a3l ^AsCLul) A_ijLi]l A_iLa*Jlj tAc-j-a-y-ail ^gS A-liUi]l AilaaJI (_j-a 

l_ACjlj^ f^yC- \Vu]j iAaj L^I-a jJll) L^jV A )\-a»\l IaAjjj 

A_ila*JI ^gj] Ia£a j t A ‘iil’iil A_iLaaJI l^aa.'i-y’i .Cl Cjlj_-a ^Llaj ^.'I'L'i >«‘l 

J-a3 A_ii-a*JI IaAjjj a ^AklL-uij ^gAilIj A_c- j-aa-all ^^-3 

. jUallj'l/l (j-a o^)jlC JSCllI La-a ALLaatll 1 gxAaJLAi Cjl^j-a ^Llajj 


(161) 


















Jjj t'inll aJa 1 ^oisLLs 


.7.5 

(jJLaJ TllLa .(jUliaA' dlUj j-d>a Cl)Laj_jjj j )]| (_ja_*j ^ 1.^1 ml LiiSLaJ 


hVn 


AS j R <j-« J5 ‘(3-V) J^ll ^ j>* cs-^ d-^ • 

.cisLiac. B j A <j-« J£ ‘(3-7) J< ’" (_a ‘ 4 .3-" r - J-£l • 

4_ilaxJI jjl (7jj«a) ^Jj-a ^gl) jJjolIj (4_iLaC.) j)«a ^il! ^>g mil • 

B 4_iLa*JI J A ^ j ‘(b) — (3 - 7) JS-SlI (j-3 71’) a 4(.S j )j-all IIlA 4-1 Hall) Ajjj 

.S A)J^' -iJJJ 


I1l& jl i» 1 (4_iLaC.) o^)jG ^gJI 4 >~ilj (.Sj_j-a) £Jj-a j)-a K tjill f>g > ' i " • 

m<a B .ijj-al! ‘(3.) — (3 - 7) JS-all t4 il-a»H 4 _LluiIjJ .Sj^a]| 

.A ^ )l-a»ll 4 _LluiIjJ 


© 


(a) 


® 


(b) 


.dlLllaaJlj 4^1 j-a]l jaj djLajmj ‘.(3~'J^) 

^uj^jIIj (j^pl-lll _j \JajjVI jLn<aj .7.5.1 

[) 4 jl,a»ll (jl 4_aj c"l j-\ (_£j_sl4 jLlaljl til 11 iA jji ,A_aJ 4 (4-7) ^ Tlxa 

^gjll E 4-jlaxll 4^a.*iVi m~i R 4j_j-al! (jl Aaij 4 R J^jj-all < _ S JI j U J j_$-all ^.''iVni.n 
(jJLlI |J ijj-all .1JJJ G U ^ > 1 3 ‘G ^ ll.a»ll 4ja_jujl ji mj (_5©ll V 4 jj_3I .Ijjj 

. jlJajjl o^jjlj ^gi lluiaji .lai l-iflA j D 4 jl<a»ll a^aiimJ 
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Jji t'l'iMl aJa 1 ^oisLLs 



,l 5jlkijl :(4-7) ^j 

dlblai 0 L 2 JI d \x jjjj i (JSjuj (_5l ^j^-a jl 4 jLc. ^j\ (_j-o djldul lil 

^5-2 !/llLa idLd !/Lj (_5jJsb jLlalil ^^-2 dljii Ig-La djijlJ 4 Wq'l\l (jjjij 

sL^jl £-a dIj !)liLa (R) 4 _iaaj ^5! (j- 4 dji.lj lil c( 4 - 7 ) L^-dJ! 

jUajjl <Jd) l-a^a R (*31 jjj 


(jllikV' £-a .7.6 

(JlLall ? (^!il*J!) 4jjJia. 2*J 4^!iL*a! Ajjj ^Llia.Vi (_j-a dlmflj 4_lliij dljll (_Ja 
ojj^su Ia ^1-lidjuAj (jl (Jda2'il dlli] ^ya 4j^2(Jj2j 

(j-a ^c. ^)]Lj dj.2 lil (j-^J ‘(4-Jjda. (j-a iLuiajl ^jJLi) cj' Vi-^Vl ( ^_2 £_aj ^ oj4a. 

.l!)* dill ^aJaj a' -ale. J_j2J 1-iSiA t4lALad ji 4daJl*-a 1 n\»2 LjjJla. 

; J 3 I Vi-v^l J^alsd]! (jS-aj 

.4 nVi jl 4jj2a. £daj dllij 4 jI§^3I • 


L-a (JS2 i e-lic- jj!i£ V (_l&lad]l IjtiLi i4^jL^aj jl 4iAladj dllij ^3^l*JI • 

Lai . (di.la_j ls ^ U^j) “LijAa. ^2u ^jAllalill _jA (_)i» An" ^ailaj ^^Ic. 
.Idlii 4_a.jL-al tVji (jUi^^l <_aLuu£l 4 Ij 2 4jLakj-a ^Hskj2 


{{The Ostrich Algorithm ) ^LdJi V s jj'j^) JLiikVI JaUJ .7.6.1 

(^.2 dLaii j (jAil) ^...ala.ill 4_LaJ)^)l^i. ^^A jjliikVI (jALad <^2 ^a-laddi 4_LaJ^jl_yi. JLxuiji 

,(4ilda Aa.jj ^ 4_jij ^aUojj (J-a^l 


(163) 















Jji C'iMl aJa 1 ^o&LLa 


;LaA (jn un\ lg2j Lalj 4 K*«,a\l (_j<a ji Jgl Vi's jfl dlj-la. j&Ualill 

_ljCU <—1-la.j (jlS !i] • 

_laiS-a 4_^jlc- (jlS lil • 
Jjllia.'il <-_alcili£l .7.6.2 
.(jllikVI <—sLauSV oCj-iC. tilll lA 
(JS (j^s Aa.lj Cj^ai (jlli^M <—jLiiSI .7.6.2.1 

!iliLa) J£ (_y a Cj_j-a ^Uaj ^ Jjliii.V! t fl\ liln^TlU ^ui^l ^^■\unin liA 

.(^21.. 4~stuLa Co.AaJj 4juUa 

Jli» 


Cl) ~il£j cU (j—a C-^lj Cjj-a j (j (j_a dll i\.ac. 7 LijcJ (jl_£ lij 

1(^11 La5i CllLlaaJI CllliiL 

\ q \.ac- ^Lall'^ § Ajjjj R -p)j-a]l aAaliuiJ A 4 i\.a»\l • 

J g \.ac. ^Lal)^/ X Cjj-aJI .lljjj -^Jj-a (_5^ a^iliuU V JJ 4 )\,a»\l • 

_l^JLac. ^Laj^ § Cjj-a]l .lljjj Cj_j-a ^JjaCLmli j/ (7 4_iLa*JI • 

7 g \.ac- ^LajV X Cjj-a]l j § C^)_j-a]! .lljlij U -p)j-a]l ^a-laCLmJ J) 4_ila*JI • 

.l^LaC- ^Lall'l/ V Cjj-all .lljjj X ^.AaCLuL) X ^ )l.a»ll • 

7 g \.ac. ^Lajj/ § C^)_j-a]l Aj^jJj W C^)_j-a]l aAalimJ p 4 i\.a»\l • 

J g \.ac. ^Lajj/ U Ajjjj V Cjj-aJI aAalimJ (j 4 iLaxll • 

? ( <-_aLuu£!) V ^i jjliliiJ tilll lA (jj^nu (J* <—S^jai (ji Ajjj 
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Jji t'l'iMl aJa 1 ^oisLLs 


tl&AjjJ lg A.'iVi >«'i dlLiLaaJI £_a (_3£3 ^-ajj C-^_ k -a_j\_J ^jiLui 


.(5-7) <J^di31 Ia£ ^aaj3l <jj^4 



_Jl jI_ja]I ijjjj jaau j :(5-7) ji3J (J£aa 

U ja CjIAj lil 5lla Ha.I lililiA (ji i(5-7) (J£ua3! (_ja Jaa.5U 

jLlalil !4& j oja U ^gi .w\ *a f**aVI oLa4! duujj 

ja.'il (jjllia.'il djlfluLA -ij^.j £-a 
jjIja o^x3 (jln^VI i—aLuoS! .7.6.2.2 


t a" ll *\ x aLa 4 t dll x jua 5 513La) jj __^ ^ ^______ __ _ 

c433l3 o.H*4a31 JjI j-a3l jx- j 11x133 CllLaj-aa j3l J l» n-i) 4_3laJI o4& t (^c3l 

,i3 vi ^7' t. jl (matrix) ciiIawaH <Ljia 


jA jjIja 3I El (_JiLaj diia. ojl ja 3I jA £- jj m j <2ac. n Lii^3 jl£ lil 
.nc. 5lla) ^1431 ji3l jA ^jl ja3I ji^c- (_]4aj E2 4 (dA j \t«La3l ^jic. 514a) ji3l 

^UaiSlj Ha.jj ^^431 jjl ja 13 (vector) ^ >3 a dn^.i .Em <_g3] j t(djl»jUa3l 

oJlA (_J-4aj (j43l A -nIaII jl_3 ijaaljj! 5 tdlla. >«La 5 tdlLa.jlJa 7 (_5-^ jl-4i 514 -a 

1^31431^ jjSjjui jj!ja3I 


(5 6 7) 
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Jji t'l'iMl aJa 1 ^oisLLs 


(6-7) 

4ja_juiljJ ^La.'iVi i. ha (_j^alj_il 3 J 11“ >1 *s *«La 4 i *•"A * jUa 5 LIjJlI jjLSi lil 

‘La.'iVin.i.aH .Sjlj«a]l (JlLaJ 4 Vi .all (jli t4 4'i-y.a i" ll i\.ac. 

(3 4 5) 

(7-7) 4j 


liLlij (4-a.AaJLuui]l j_ic-) 4 -sl'i-all (JjLaJ 4_VLa a-Ldul 1 n^.al l_i& (j-aj 

LaS 4 llSJl ^jl^all (j<a *LaAVLuixi]l ^^Jsu 


W jjljJI = (5 6 7) 

.Va.'lVni.i.ai' Jjlj-ail — (3 4 5) 

4^114! ^= (2 2 2) 

(8-7) 


dil]\,a»\l 1^^-vjLau 4jtj<a]') ^IjiVLm^n aAW<a 

J-laj i"l i~s uJlsLlLaC- 0.1c- 4 )-» ml j .j o-lW-a j)Jj£j 1 n^-al 

ClsJlS i"tl i\,ac- o^-la-a a-Luu] !il!La .4 m,a 4_iLac- a.1 W<a\l ^ <- 1>^i 

La£ (jjSiui jj,h<ll (jli iodic-1 -}jlj-a]l aAaJimJ 

(j^aljiSn CllLajjjLa]! dll*jl2a]l 


1 


1 


Jj^\ 4 )\a» \1 l g.a-lVimJ ^^ill J j )l_j-a]l 
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Jji t'l'iMl aJa 1 ^oisLLs 


110 42121 4_}La*_ll 1 g x-laJimJ ^21 .3 jI^2I 

0 10 <2121 4 )\.a» \\ 1 ^ ^ , 'Vi ■ l*< ^^21 

110 4ju!^)3! A )\.a»\l lfr<a.la2aJ 

(9-7) 

:u' (9-7) JS22! ,j» 

_(j^aj3j t A -\t.i La tdlLatjUa 5 ^gJjV! <2La*Jl • 

.(j^ajiij 4 •vtuLa a.Ia2mJ 42121 A il<a»ll • 

Jaa3 ij.la.lj <ajuiLa a.1222 <212! A il.a» II • 

_(_j^a^)3j 4 ~s >«La 4jul^)ll 4_ila*JI • 

(V'tlll.a2' IfraJlVl ^2! 4jlj2!) CllUmi S.lW<a 

lU (j_/» 4 il.aC- (_]2 1 g al’IVl Jjl j_21 0 . 1 1 ~v.a $.122 (j2aj 4_aj^)la]| (Jjiii-J 

1(^111! (_J12a]l ^^3 La£ 4-Sjj-a 

(_yza\jfy\ Cl)lajjjLa]l alllajUal! 


2 

7 

3 

4 


2 2 ^jV! 4 )l,a»l' l^ 2* ■»>.'< ^2! .ljlj2! 

5 5 4-22! 4_iLa2! Ig all Vi ^^2! .ljlj21 

3 4 <212! 4 il.a»l' 1 g all Vi ^2! j^)Ij<2! 

4 4 4*jI_j 3I 4_ila2l 1 g al’ia’l ^^22! .Ijlj2! 

(10-7) 

■J ^ (10-7) 2^21 t> 

• UJ‘" 0 J^ J 4 ~s.ii.iLaj jUa ^llaj ^jV! 4_iLaaJI • 
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Jjj dill aJa 1 ^oisLLs 


7j dll ~v >«La 6 tdllauUa 5 ^LiVl 4_ijlii]l 4 i\.a» \l • 

.(j^aljSi 3 J td ll ~s mLa 3 tdllxjUa 4 ^LiVl 4_4a*JI • 

-( j^a! jSl 4 J tdjla-uiLa 4 tdllauUa 4 J] ^Lid 4jul^)JI 4_Aa*JI • 


dll AW^\Lj (Jjliii.'^l <—iLdiSI 

t(8-7 3^ d) oj_aJl j^)1_j^ 41 t((5-7 JSd) ^ 3811 ^jlj-all (j^l 

dll i\.a»\l 1 g -^lIVi <_5^1 4_Jji]a-a]l dC-j 4 (9-7 3^-*-u) 4_>add-a>a]l Jjlj^aJl dc-j 

dd .i ■ J_A i_aLduSV dl ilaa-ail oJlA ^»ljdj_uilj >« c(lQ-7 3^ d) 1 g 1 -qC- ^LdiV 

? (J JjliiiJ 

JaJj 4 JjjL 


J^jlj-xJl ad \< i—Sjd-a ^_-a (8-7 3^ d) oj_sJI ■Sjlj-a]! 4_jjlLaJ Vjl 

(_5jl_d ji J-Si 4_jj)Uax>\l djlj-xa jjj_£L (_5Jl_ll (4_iLa*JI) <_L_b-a]l jj\ 1'vi ^d t4_jj)\)-i.a\l 

oj^J! Jjlj-41 £-a (10 _ 7) 3^dll adK<ll idjda 4jjlLaJ ,0j3jJLa]l o^pJl Jjlj-41 

o^aJ! -Sj!j-a]l joilj 1 g \-oC- jLaSl 1 g l^i.a 1 (^jS/l 4_iLa*JI (ji ,K’ua (8-7) 3^ J ‘-“^ ^ 

■ijlj-al! (j-a dl]jl 4 -yl'i-ail j^a ^Iddl La 4 i\-a»H ^ Li» i. n _< 2 >LLa]l 

l^^l) LaS 

y j^' JjM' = (2 2 2) 

4..i.U»Jl l g> l 'K~i ^^jill j jl^l — (2 2 2) 


.0jaJl Jj1^a]I <j-a ^ gijlal l = (0 o 0) 

(11-7) 4jJLi 
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Jiar Anil ->h 1 ^aAlia 


A i\a»ll jl_iii.l (J»>iaVIa t(j n.ilxac- ja A^l^j] ^giSL a jail Ajlj-ail ClljlS Ia) 

(_) a^'i jl Aju j2i£j Sji A jl j-a ^g-ic. (J joi ^jV <LUa jJiSil A jlj-a ^>AVi joiA 

. Ajlja ja aAaJimA La j j^jj 1 g LaC- AalaaJI 

dlLlS Ajlj-a (j- 4 I^aaJ ^-- 4 j j-^ 4 j*- 4 1 g lac- ^gjj^l A_Aa*JI (Ja^iLui jV! 

Ajl jail ja jAl (jjSjjui ^JLilLi t(AiLuJI ajlrvll <^1 IgJ lAliiiac.] (^^illj 1 q n«a ^,'i-y‘ni.n 

;^_ 5 ii La a j^JI 

A jl ja ja ^liaA La ^jjVl A iLaatJl aLlaC-l Aaj A aLlLcJI o jjl Ajl jail = (Q Q 

( ~' l w‘i, ,.\'' pAAa-a ja) l) 4 ^ ja i^jVl A_Laxll l ^ -a ^ A ‘i,j (Jlljl£ jill Ajljail ~ ( 1 1 5) 

(^_: -V^ <\\ * ' W ^ ja | ' J^> <_4 LliaxJI l g~i a AVu . i l jill Ajl jail =(2 2 2) 

lAA jlja] lA jJ jVlj JjVl Aaiaxll aljijl Aju a jaJI Ajljail = (3 3 1 ) 

(12-7) 

^g—ljVI A_ila*JI t\ g'nl A_*J 1 gjlc. 1 il *.^i* s w ^^Alll aj_iJI Ajl j_all jjWl *« jVI 

(jl ,Wl JOI .(10-7 J< ■ jj) L-lj Iliall aAA ^ ^ i—SjiLua j-a ^ Snail £_a LAAjl y a jJjAUj 
Ajl jail ^1 i/i't iS 4A_iiIUlII A_iLaaJI ^g-A a j_iJl Ajl jail 1 gjA£j jl j£aj A_lla*JI 
.(13 - 7) (J^<^3 LaS LuaI ^^lill ajiJI Ajl jail ja Ajjj 

SjaJI - (3 3 7) 

AjlUill 4_iLa*J! lg-^.l~iVi ^^ill A^)I_ja]I — (3 3 4) 


.S jaJI A^)I_ja]I ja ^^nall = (Q 

(13-7) ^ JL !^ 


0 3) 


i(AjAiJlj ^ajAa]l) A^jlja ja I^jA) La 1 g lac. A.)ID)I A )\a» \l JaSjjuj jVI 

;(4511511 A ilaa.ll pl^ljl Aaj) (^Li]l Ajl^a]l ja (_5A] ^)3j'(n« ^LilL 

A j ya ja ^*llaA La ^jVl A_lla*JI a l IaC-1 AxJ A jjbjall a^jjl A^)l ^all = (Q Q 3) 
(-1 v . A , „VI a A ~ ^ a ja) jj3 ja Aallii]! Aalaxll l ° Clljl^ jill A j ^a]l = (Q 1 Q) 


(169) 




















Jji t'l'iMl aJa 1 ^oisLLs 


(a_Jp^^a-A ( _ja) l^jaJ^A Aiilliill 4 _iIa*JI 


^1 jjlj-ll =(3 3 4) 


Ia4j1^a] Aiilliill ^-L^-lljl Axj a^jaJl ^jl^ a]| = (3 4 

(14-7) ?&.j 


7) 


4Jiiliill a _iLoxil »1 gVil .*i ») 1 gjlc. 111- t/i\ S^j-aJl .}jI_j_a]I (jjlai-joi (j^fl 

o. 11 aj dll i\a»\I (_j—a ^ o^aII £_-« t(14-7) (J^ -'41 ^_3 1 _aS LA-S^jIja jjjajj 

(_j_A 4 llaC- (_5^ ( _ s -i5ij l ~'J 1 l lJjSA\ .SjI_J-aII j_ji .Wl ml .(10-7 Al) l_1j UtiaII 

.4 liVill oiA dl^la. JjLuaJ tillliA j_jl (Jjall lUS aj ^jlllilljj .4 is n<all dlLiLaxll 


(2) Ji* 


.(_gl Vi-vl 1 ^j3 i" l.W 1 ^ <Ila. ^dajJ (Jj-aS-a (jj-lJ ^)dl VlLa L _uaj».u.i (jVl 


(1 


• c"ll il-a«,ali 


^Uaillj o^_^_j-all J^lj-all 

4)= 


0 10 0 


1 0 0 


0 


1 0 


= l g *1 A p^-v'uhaII 


1 0 0 


0 


0 


0 0 1 


= 4-Jjll-a.all Jjlj-all 


? V Jgl Vi -si Aswjj Ja ;l-1jU-»a\1 
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Jji t'l'iMl aJa 1 ^oisLLs 




oXaC-i j -a>-a^) ‘La.'iVi tu.a\l (2112 j 0^)3 jLal! t— Ima.j Vji 


LaSi (j-a (<La,' , iyn«.a\l Jjl^j-ail t^ha 

2 4) f Uiil! j ijl^a 

1 2) j ijl >4! 

(0 0 12) S.j3j14I jjIj^JI 


(1 

(1 


3 

3 


-la-si]! (jl ^ -v i°l t(L_)j U-a.a\' oA*i ~\.a i_)jU-a,a\l L_i_jix<a £-a ^LLall (jjllj 

l^gi) LaS Jjl_j-a (_j-a Ajjj La 4 i3-i» i°l i (J-a*JI 4 i^\.a) ClJLlII 


(0 

(0 


0 

0 


2 ) 

2 ) 


(0 


0 


0 


0) 


= 6^3jpAjl J^I^ajI 

(3 <■_4jj)13-ia11 J^)1^a]1 

S-LLaC-l o^)9j2a]I 

g^jI^a 


;A-lll!lll 4-^,11 a 11 Uj.^1 (JA .3 jVua) lul t 3 l -Ixj 

(0 0 0 0) G^I^A 3 ^ ^4-^3 ^UaC.j O^jIaII J^)1^a11 

(0 2 10) ^ ^I u l aII o-ii^a 3cJl^> jjI^a 

(0 0 1 2) L-JjU*»a 11 fiJ-l^A ^^9 3cJb-a J^)1^A 


(0 


2 2 2) 4-IaC- 3 -IxJ o^9j1aj! J^I^aj! 


1 

0 

0 

2 

0 

1 

0 

1 

0 

0 

1 

2 
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Jl* .'.nil aJa i ^oisLLs 


(jl ^ -ni°I 4^L_lj_LSaus]l LS~^) <dj3 ..o ( x_-a ^l2La]! (jjlaljai (jVI 

; < _ s JLa La£ .Sjl^a (j-a Aj^y La 4 ili» i°l t J-aaJI 4 i^,aj i_a >.->11 


(0 

2 

2 

2) 


= S^^LaII a^I^aII 

(0 

1 

0 

1) 


(2 1 ^_jj)UaA\l A^I^aII 

(0 

1 

2 

1) 

gA^I^a 2 ^_3-^-3 c-UaC-l Axj S^)9j2a]I A^I^aII 

^LllLill 4 aLLal! 

Ajljdil IdA] 


4aAjlj» (jxa Aaalmiui c2 1 _d^ 4_iLa*Jl aL, 

(0 

1 

2 

1) 

OA^jl^A 2 , g.1 JaC.1 AxJ S^)3 j1a]1 A^jI^aII 

(1 

0 

0 

2) 


^■^-vn.i/il' SAW a ^3 2^-a J^)I^A 

(0 

1 

0 

1) 


c_j j)U-3aH Saw a 2 1 _ 

(1 

1 

2 

4) 

<1aC. (_JA 2 dJa,A^3 C-Lgdjl AxJ S^)3 j1a]1 A^I^aII 


1 

0 

0 

2 

= <jjUaAH a^I^aII 


0 

1 

0 

1 



0 

0 

1 

2 



(X gVil Aju aj3j~i.all Ajl_^-al! 4_iafij L_ljl)->.al 


aA.W.a ^q.n.a'1 e_L-sa]l (jl Aaj 
.(jUl^l -lajj ^ 4_jl lAAj 

A' v;^vi 4■%11 x .a .7.6.3 


4_aJl*-aJ >« l_iA t(jl jjdVI <- <1 Lu£l 1 n^-aj (■ 'l da_dj 4JL1 _>j 2I ajlrvll 

;lgda “-^*4 ‘4112 ‘4iLiu£l A*j 

A^lj-all (jl (j-a aSIISI t—Lay |(jl ilia.VI dll ll.ac. A_a.l jya Ajlj»]l (jd*J ^-Ijlijl • 
4_jla*JI d_jl£ 12] ^La t4 jl.a»ll 41£da 4_c-jj (_lu.n ^ duay jjll (JjIS 
4yjj_di]l dljljl-a >«V1 2> lM f>Adi m‘i) 4_ijjda 4jl_jiajuil ^^ic- dLLu 31 a.■ Aij 
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Jji t'l'iMl aJa 1 ^oisLLs 


l. lua’ij 4 oiA ^ 4j\xa»\l ^j-a I^a £-1 jljl jla (CD writer) 

~v^ J»-\i .13 ^ jtVi (_g-A j 4_iLaC- j-a 4julla £-1 jlijl .4 jljfaj. "VI (Jlaxj 

jfLai3 o^jSlill (jlVI'N^I jlS lil (jSl .^jJalj jjc. j jjll-a 4juUall 
(j-a oj£!4il £-lj)Jiil) L_iL^i]l (j^a^all ^gJI jl Vi-s^n ^^.3 4ui_juiLa]l i ")\ i\.a»11 Aa>i 


.4 K*«,a djj.3a. (jj^ 4aj Lai3 l^C-l^jjj i (4_iLa*JI 


LaS l^lis) 4_}lac. <- Aa3jj j£uaJ ; ^ jjLaiJ (jill dlULaxll • 

oAA ^g.3 _ellLlLa*JI 4_}3 j jjcuLl] lAJjl_j-a j-a e^laloiVIj ((kill) L>^ ^ 

U UJ^J mj 4 j4 -n. j^a lglj» >1n (j^-aJ ^g-llll Cl)l_lLa*JI (Jji3 (Jjl \i m <ILaJI 


. (J£Cu.a l— l jjgjj 


4jlij]| .7.6.4 

; ( jjlajj]=LJ j' V'-vVI ClljJLa. 1 jm ^Uaill Jb (j! lli^-aj 

4 nVi • 


4jtia • 


Banker's Algorithms ^v* jj <4.3^4 jUikVl ^4^ .7.6.4.1 

(J_j 3 jJjj i4_xal ojj^slJ Ia Jj^a. (j^-aj -j)lj-a]l (jl j-a ^Sllll ^Uaill (JjLaj liA 

(jl (_j-a .*1^1‘ill l^-a!^iJLuil (j^-aJ (j^l eill-ba j j I I j-a AlJutll \\ iA .lAj^a. ^gi jjjoJI 

.(safe state s jj^ 3 ) cl>a^ jl jj^j U j^a. jlaj j jl^all 


Jli» 


(iUliA j i(^)^JI) ~4-n.*I .n^ll j_lC. 1 g Laj ^AaJLauJl 1 g La ( .j)lj_/» LIiaJ (jl_£ lil 

jl j-a . *1^1111 4..t\l.'ill <L^)ia]l alAaJLoil I n^i.a)3 i.1] jail Aj jij Ajlj^s ^AiJLuij 1 " >1 )l,ac. 
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Jji t'l'iMl aJa 1 ^oisLLs 


(14-7) (Jilll TllLa tjljj^l i-U joU ^ ^jlj- 4 Ajjj <_ 5 ^ >■" \\ )\,a» \\ ijjaJI .j)l^a]l 
(Jjuaj jl ^Hajj j>» jj*-a ^■^ c> ^-^-Luli 4 )\.ac. (JSj i (^ tL.j 4) Cll i\.ac. CIjTAj 

.J-axli] .Sjl^a]! j-a jj*-a -i-ic- ^_j| 


l g ja£j 4 j2 


9 

3 

i 

4 

2 

C_J 

7 

2 

E 


3 ; a^)3j)'i aII .jl^a]l 


4 j .jl jjl LL"\\ (l.rt-»U 4 1 5-7 ) (Jj j£jiu 

IfrjA 3 L_) 4_iLa*JI t jlj-a 9 t_s-^l cJ ‘jl j' J -ijlj-a 3 (aAali >>n I 4_iLa*JI 

l&j)lj-a (J-aSu jl •AJjjj jJ-ijj-a l^J.4 ^ 4_iLa*JI i -j)lj-« 4 ^jll jl .lljjj jJ.j)j-a 

oAA li-aJliJLui! jJ Lijl j-a Ajjj .4-a.Ha -ijlj-a C1s!4j Uj.4 j ,(J«a*2] -j)l_j-« 7 (_g-l) 

4 jl *>■"lAa.i ^/) <La! <ila. J^-ai (jl jSLaj a jSjJ-all j)l jail 




l^jUaC-lj tdiij (J-axj j)i jfLaJ L_) 4_iLa*JI jl AaJ tL.JjU-i.al' j3j1a] 1 4jjlLaJ 

.(16-7 ) Jiall C 5 ^ Ua£ j3j-La -lal J Jjj-a (_£-U jj%3 jSjiall j-a jJ-Sjj-a 


l * jiSj 4-j <aLa«^l 


9 

3 

i 

4 

4 

C_J 

7 

2 

E 
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Jji 1'iMl aJa 1 ^oisLLs 




(16-7) f5jJ^ 

_jA j3j1a]I u^i°i t(.Sjlj» 4) ClulSi illjUui L-J 4 i\,a» \l e-l^ljl 1*J 

.(17-7) 


l» 4 _iLuJ 


9 

3 

i 

" 

“ 

L_J 

7 

2 

E 


5 ;o^)3j!La]l 


(17-7) f5jJ^ 

5 l^jUaC-lj 4Uij (jl ^ 4 (jl JlaJ tL_lj\)-»o'l ^)3 jJa]I 4jjlLoJ 

.(1 8-7 ) ^ jSjJJ U JS j lj'>« 


1 IgJ^S 4 j\a» 11 


9 

3 

i 

" 

" 

L_J 

7 

7 

E 




(18-7) 

_jA ^)9 j2a]I J -4 7) ^•laClujj ClulS ^lll\ ilJjilLuj g 4 «.lgjjl >}*j 

.(18-7) cPt^L4‘7 

l gja^j LjJ.2 4-li M 11 
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Jji t'l'iMl aJa 1 ^oisLLs 


9 

3 

1 

" 

" 

L_J 

" 

" 

E 


7 


(18-7) f^j l£2, 

L^jUaC-lj tiLSij (J-a*j jl j)5LaJ I 4_iLa*Jl j)1 JlaJ ti_Jjl.li.all j3jJ_all 4jjlLaJ 

.(19-7 ) L&uJl ^ l-afi JJC- jLa.1 j ^ is inj .Sjlj^ 6 


i * l$jj] 4-iLu<ji 


9 

9 

i 

" 

" 

C_J 

" 

" 

E 


1 


(19-7) 

^J_i_aj9 c(-Sjlj_/a 9) ^AaJLoiJ ClljlS ^^Jill .Sjlj-all liljjLui I 4_jla*JI a-L^ijl -1*J 

.(20-7) Jlill^LaStlO > jSjlall 


l Ljjj] 4_iLcjtJI 


" 

" 

I 

" 

" 

C-J 

- 

" 

E 


10 I o y2 Jj A'll Jjljjl 


(20-7) H>j 

.(<lal <ILa.) J}1 Vi-vl ClljAa. (jj-^ lg-al«la2Luil (jSuiJ Jjlj-all (jl (JjU I2& 
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Jji t'l'iMl aJa 1 ^oisLLs 


JULa 


4_Lal jjc. <ULa. (J >«Vi Aa3 . Vi-^Vl i. I W'il j.laj -Sjlj-a]l ^a-ljklLmj 12] 

i_aj£ 4-al.la2LJ (j^-aJ JjjLuil! JliLa)! .JglliiJ ^ L.in«~n La-a (uilSclfc) 

.(21-7) L^al' ^ ^ Jjllii.' CllJlaj (j' (j^-aJ 


9 

3 

j 

4 

2 

C_J 

7 

2 

E 


3 ! 


9 

4 

i 

4 

2 

C_J 

7 

2 

E 


2 j^I^aII 


9 

4 

i 

4 

4 

L_J 

7 

2 

2 


Q *6^3^ja11 J^jI^aII 


9 

4 

i 

~ 

" 

L_J 

7 

2 

2 


4 |6^3^1a]1 j^I^aII 

(21-7) 
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Jji CVill ->h i ^uAlLa 


V (ijl^a 4) jSjlLall (jV ijjllixVi ClsC^,j 4_Lai jjx 4 X 2 .- ^gjl LiL-aj liA 

luLaX ( _ 5 i£j 


£±* .7.6.4.2 


C'll illall (jx- 4 ai nu 4_iijC i. I Hal1 4_il/ jj ^i-a-a jx. (jj_SL) (jjLiliXVI 

J}1 ViL^i jps 4_iU^]l j_ji .'i-n ini dlil i(jLi^Sn Lille- L^liSja-a (j^aJ V (_ 5 lilij 4_ili£Lui-a]l 


Cl ll j j nU ji a^laxall (j-^3 .(jl 1." ll j j nU (jul ^)li£i ji -Ixij ii (jAili!) (ji (jXaJ 

li] ^JLiLl i(jl ilk I CllC ~sj (ClsliXuua 4_*jji) 1 g »j-a-N LA^aljj (j-a (jLilix'^l 

.;_jlVi-CVl j j -a llu.uaii Lu3j (jj^Lu i Cjlliuuall oilA j)-a Cxij i-lim < _^4j li*JalLul 


Jclilal' £-l4' gXj .7.6.4.2.1 

^_a 4_aLaX (j-a ^IcilLuil j) ^.al Vj 4Xjl_LCail (J-jal ^ Cjj-a (_£.ll (jlX i^j 

I4a j)X 4jjXuua j)j4d 4_ilax (j<oj *^Vn iXJLj jlXlix^l a.) IVi ^ n^j-aj iCll3j]l (jjiii 
o-LA (_Lusl*ll) L-aijj o^j-lulxs Cjj-.all ^1-lilLuil (j_-a C'll i\uaat\i 4_iaj £_Laj Cl i-yj 4 Cjj_a 11 
.C^j-ali £-a (_Lal*li]Lj o^jixVi ^»jallj iCj^-aJI (j-a 4jjLuuali 4 )l.a»ll £-a Clllila*!! 


La-lix Cli 1 i4_*jUali j)X- 4-ljj ..iu 4 il-ax JlLaj JjjAijj ^ 4xl-lla]l jjA/i 1/lLa 
jjC-a (J-uujXuj 4_lixli]a ci^ali <- a 1-all jjli t4_c-Lila j-ai (4_ilax) (_£i (Jjoijj 

(j-a C ) X j3 L-alS i. 1 \-a LgJ (Jjoijj Cl i~v 4_*jUali £-a 4_xlila]l JJ-C-a (J-alalllj i 4x1 jlili 

(ji .'i -v 1 (22-7) ^Li-a .(Vji ~vj 'jf ji ^Cl_a]i) 4_i]j CllLaLali Cjjj >■_) iu~v 1 g 1-aX 

^A 1 ^aCi 4xliia]i JJ-C-a CllLaLali oilA ^llLLuiLj (j^lj 4jullai] liluuji (jjiLa lAW iA 

_4jul2a]i ^-a (J-aLClli 
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Jjj AY'll I aJa 1 ^aAli-a 


, Jjjiiij ^ 4x.Ukll jj^a ;(22-7) 

jUitiVlj Jali^V! ^ .7.6.4.2.2 

o^jSjLi-a 1 g -^LiVl ^g-41 Ajlj-a]l (2S jl j-a aSuj La (J-a*JI ^gS 4_d-a*JI Ia£] ^ 

C)\ il-a»H -a (jl 4l£2j-a liA jSJj *— ^ ll.ac- (_Ji3 j-a 4-a.' , i'v'ni.i.a jjc- j 

1~s 4_ji ^g_A (_£^)i.i 4 K-u-a i411 iA LAaji .3-aaJI Ia£) La Ajlj-a (j-a Aj ji La Li'w .Y< ^ 
AS 4_iLa*JI jV a j^'i->..a AjIj-aJI 2* > j Ia^ 3 lg 1-aC. iJIiIajj 4_ila*l] A^jl^a]l (JS j]j 

A3 4_iLa*JI jj ^'i3 t^LUl Aj_j-a]l ^LiaLLui 4 £-L-ui a V>«Vi AjUj L-a J-aaJ Ajj-a ^Llaj 
.Ajlj-all 4_i<b 4_La Ajalmj jl jjA Ac .Lai a 'a—Vi oA-d jAi.^1 Ajj-ail lAA Cj j^a. 

(Ljl>4l jc. j»Ac.) jlSiaTil g-ij .7.6.4.2.3 

L.liuih .33 LUa.1 4-aAiYLuiJ ^gA j 4_iLac. j-a Ajj-a ^-Ijljl j^ lJjIs jjc- 

jjc 4-C-Llia 4_jc. £tljj A3 a 'l I-a ^g.3 ^ jlVi (_g-A j 4 _*jLUI <_il_ajl dLi-a .4_iLa*JI 3-uS ^gi 

(_g3 CjIlUj j_j.Au ^a j (CD writer) -a>II eiiLljL> -iLM (_]•> ■ <_aLLIj tCLufLa 

.^rn'll! 4.4-aC. 3LiSj ^JIjItuuLM <■ QVi ^g3 >■_ n—Yi 1 33 CD 4 iljL. ■ ..I 

</jSIa 1I jlkL^l ^ ,7.6.4.2.4 

^j 4jAc. 1_—aj ojj_—slJ Ajlj-ail l—1 ilaJ C ]\ il,a»ll ^-a_—ij t Ajlj-ail <_]_£ ^3^)2 
!a] Llli-aS i(J_3 j-a 4 ~nU-» (_£aJI Ajj- 41 j-a al 4-a3j Ajj-a i. ll)Vi jL 4 i\-oat\ ^-a-uij 
)U-» 4j£i-aJj 3 j-a (Jsl 4-a3j 3 j_j- a i. \\lt\ l^J ^-a.>.a) !-li ^3 j»3_J 3jj-a]l La 4_iLaC- c"^j\3-» 

.3 a* ^ j ^ j>* 

Jlla 

oA^J (j^-aj !-Ls i2 I g .a3j j 4 -s-i.il a\\ I 4 i\o»\l C lij ‘(23-7) 3^ 

Cli-als l_j 4_iLaaJI jl (jAa jisl _4a-uiLaJI ^a3j j-a (Jsl 1^-aSj jV 4juLLa]l !■_ )U-a~i jl 4 il-a*\| 
(J 3 I 4_-a3j 3jj-a (_£I !■_) \L» 4_jla3tll oA^J jS-aJ !-li i(4 jA) Jaii-a-all Jauj-oJI !■_ )U-aj 

jl j^-aJ V 4aj^)iall oA^J .1 4_jlaaJI 1^-aAaJimJ (^jLJI 4 -s-i.il /all i. )\]-i I g i^xai ^ i4 (j^ 1 

_(_£^j|A jUaljl CliAa-j 


LxjLLII 
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Jji i'iMl aJa 1 ^oisLLs 


2 

a_^-uiLo]1 

3 


4 

3-il» aa\\ 

5 

jli 


LiLA. 


1 :(23-7) ^j 


(Banker's algorithms) ^ jj'$l£U*a .7.7 

Ljj.2 j_jl TAiLa J3.1I1j AjIliSJ 

•AJUll dllj^a^all 


3 

1 

1 

3 

2 

1 

2 

3 

5 


Pmax 


1 

1 

1 

2 

0 

1 

2 

3 

1 


Pcurr 


A=(3,l,l): Jjlj-lij 

Pcurr jj!j-21 Aiji^a/sj Pmax Aa^L^ui eUaj] 1 i'i^^i !ALa 


Dim Pmax(2, 2), Pcurr(2, 2), avl(2) As Integer 


Pmax(0, 
Pmax(0, 
Pmax(0, 
Pmax(1, 
Pmax(1, 
Pmax(1, 
Pmax(2, 


0) 

1) 

2 ) 

0) 

1) 

2 ) 

0) 
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Jji t'iMl aJa 1 ^oisLLs 


For 


Pmax(2, 

1) 

= 1 

Pmax(2, 

2) 

= 5 

Pcurr(0, 

0) 

= 1 

Pcurr(0, 

1) 

= 2 

Pcurr(0, 

2) 

= 2 

Pcurr(1, 

0) 

= 1 

Pcurr(1, 

1) 

= 0 

Pcurr(1, 

2) 

= 3 

Pcurr(2, 

0) 

= 1 

Pcurr(2, 

1) 

= 1 

Pcurr(2, 

2) 

= 1 

avl(O) = 

3 


avl(l) = 

1 


avl(2) = 

1 


For i = 0 

To 

2 


Console.Write(Pmax(j, 

Next 


;l ill f-Luiil 

; (_j-a 4 i\,a» \1 j CjLa.llia.1 4i^>a-a 

i) - Pcurr(j, i) & " " ) 


j 4jU»\ (avl) Jjlj-aJI (j-a j3j2aJ1 

i = 0 To 2 

If ((Pmax(j, i) - Pcurr(j, i)) <= avl(i)) Then 

Console.Write(avl(i) - (Pmax(j, i) - Pcurr(j, i))) 

Else 


Console.Write( "not enough") 
' stop 
End I f 


Next 
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Jjj t'l'iMl aJa 1 ^oisLLs 


.7.8 

CjUIu SJcla Jj-la. t L_jL-a]l (j^aja]! t AjuUslII ? Alia! CIl/L) jSil , 1 

p J>±U aLIS jjc. j p jiil Alla ? LaA La jjjC- jj ->>«Vn ,2 

t (aLIS jjc-) A*jUa]l ? pjjjll Jjli _JJC JLLaj p3^ 2^ (JLi-a ,3 

(p jili (JjIS) ejSlill 


? lA j£4 . JjLii^'^l £-a (_]>al*jl3 £-Jji til]l 'lA .4 


AlALaj , \ 

Aa.7lc-j AaLuLSI .2 

.3 

A*_La .4 

t (Scife) Axal ajjj^aJ J)^a. jA l_ nVi\l ? ^la]lj L. nVi\l j_jJJ La ,5 

jl VA VI CLliiuia -la. I ^aj jA ^la]l 

? TiAVl ^_La <—sjS _5 

(J^ljjLal! ^Lall ^gij , 1 

jl JajjVlj Jalil^VI .2 

JiM!^ .3 

jUalj^M .4 

? AajjVl (jLjlkVI tLAjJjuia ^jA La,7 

24 jlall ^-Lall , \ 

jlkL^lj JiLi^VI .2 
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Jji t'l'iMl aJa 1 ^oisLLs 


jl^vi .3 

.4 

? 1 g o.l'v'ni.ii ^g-Laj ? 'Lal*-2! La _§ 

; (jl£ lil Ig-a-l^Luijj t (jliiikl V 'LL jALSaj 
Ij4j CLiAjk-j (jink'll • 

1.1a. 421c. (j-a JUSjll aA i£L • 

4JLuba.9 


E = (4 


J? <<-> A 

^ ^ ../V 

' </o« 

/> /V s 

</ ^ c? 

2 3 1 ) 

II 

< 


A fji b 


Current allocation matrix Request matrix 


C = 

0 0 

2 0 

1 0 

0 1 

R = 

2 0 0 1 
10 10 


0 1 

2 0 


2 10 0 


-}jl_j-a]l (JlLal) (3 4ij t U.*-i.a\l j ill -ijtj-a (JlLaj £ 12 

_(_i-a*JI aLaj^ 4jjliaball ■Sjlj-a]! (JlLaj R 43 j£a^ia1Ij 


? 4-aJlaJLuiAll jjc. o ^)3jILa]l j-a]l 


? V JjLi^l Cll-la^Lm <J& ^-Laj • 

(JaJI 

(2 1 0 0) ^ A SjijUl Jjlj-SI (t) 


J=2I (^) 
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t'l'iMl aJa 1 ^oisLLs 


Ja jlrvl l 

? (_5jLujJ j! Jal 4-a^~\ <. 1>^i tillli& (_Ja C *—£-a A (jjlaj 

jjbjLujJJ Clira. (4 jO 4 jU»\l) ClA!i]l <■ ^giSLi A U* Aim SjjtiulLj 

(0 0 0 0) A 'CilUill 4_iLa*AI a-ljac-ljj 


.ijl^ailj (C) lA JjViVl ClulS ^jjl\ 1 g 1-aC- Aiilliil! 4_iLa*JI 

(2 2 2 0) cs^ A jjSia (R) \ f\\\U 

R j C 


Current allocation matrix 


Request matrix 


C = 


0 0 10 
2 0 0 1 
G-H—2—0 


R = 


2 0 0 1 
10 10 
■ 2 — 1 — 0—0 


ojiaiJI 

<2121 (wi^ail JLaSV l$j). -i-> A R new A UJ 1 ^ u*^ 

.(4 2 2 1) cs* oj^p.-all Jjlj-ail (jjSluj AjIIjII L. Axj 

;J43l£ R j C uVI 

Current allocation matrix Request matrix 


C = 


0 0 10 
-2- e-0-4 - 

-e-H—2—e 


R = 


2 0 0 1 
H— 0 4 O 

2 10 0 


4jO oj]tv\I 

I^A j ((JjS/l) 1 _ii-all .IiViM 4_iSl£ A() ^_ya ^jV( lii.2 

_(4lal 4jl^.) (JjUikl V 4ji 

<SL^a. 1 0 
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Jji t'l'iMl aJa 1 ^oisLLs 




# C$ c9* 


E = ( 3 1 2 


O' 

2 ) 




^ x ° c£* 6> 


A = ( 


Current allocation matrix Request matrix 



0 

0 

1 

0 


1 

0 

0 

1 

c = 

2 

0 

0 

1 

R = 

1 

0 

1 

0 


0 

1 

1 

0 


2 

1 

0 

0 


? V (_Ja 

(JaJl 

Sj3 jIaJ! 


A = (1 0 0 l) 


lAAlijj (R ^^3 (JjS/l 1 _l*-a]l) SM Jlili 

(10 11 ) 
;^U]1£ R j c 


Current allocation matrix 


Request matrix 


C 


• 00 1 0 

2 0 0 1 
0 110 


R = 


10 0 1 

10 10 
2 10 0 


.(3 0 1 2) AjJIjJI jjVn« lA.IiiVi 3*jj Ajjl!i]l A 3aij 


R J C jV! 
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Current allocation matrix 


C = 


0 0 1 0 

2 0 0 —t- 

0 110 


Request matrix 


R = 


10 0 1 

i—e—i—e- 

2 10 0 


Vi 41 tilll ifr (jl j 4iilliil! 4 i\-a»ii ^giSj V (3 0 1 2)(^/ 1,a " A 


? (jlHi^l ^l*-a LlS _ 1 1 

(_jl Vi-vV' ‘HjLuul! allHLa*!! (_£.laJ (j-a .S_jj<all , 1 

^al.iaJLujl ^UJLjj (JjlJuiVI liljLou ciiULutll (Kill J-^) *• .2 

d)LlLa*ll 4_ja2 l&Jjlj-a 


4lLuu» _ \ 2 

j_jl Ha.S 4 iiiall l^j.2 A,B,C t — ^ d_3^\j (_£.2 j)H lil 

(JjAaJI ^gi (jJi-a La£) 4i.Ha -ijlj-a CIj^j U.li]j ‘ 1 g He- MEX lAJjlj-a 


Has Max 


A 

3 

9 

B 

2 

4 

C 

2 

7 


Free: 3 


? (4ial 4lli) (jjliii! (jj-^ Hijj 11iHaj a Sj£ ^daj 

? (_£^)il ojja^aJ Jjlj-a]! licjj li] (Jjlliil i" l,1\i (jl jjSuaJ (__aj£ ^daj 
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lMI 

(0 


Has Max Has Max Has Max Has Max 



M 


Has Max 


A 

4 

9 

B 

2 

4 

C 

2 

7 


Free:2 


Has Max 


A 

4 

9 

B 

4 

4 

C 

2 

7 


Free:0 


Has Max 


A 

4 

9 

B 

— 

— 

C 

2 

7 


Free: 4 
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^jj^)LaJ .7.9 


Laj (^.1'L‘n«<a\l) tilLaj La £-a 4 -l]Li]l Cl)LlLa*ll ^^Ic- ^_g j~i~v1 ^Uaj (_5.I1] (jlS I j] 
La (j^afiLi )La jA J^jlj-a (j^ ^Liaj La (jl (_£!) ya l^-li£j 

I^Li]! (JjAaJ! ^ LaS 


.1 



a.Kl i ALftil 

CS^J ^ 

^LLa]! 


A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C 

D 

P0 

1 

0 

1 

2 

2 

2 

1 

2 

2 

6 

2 

1 

PI 

1 

2 

0 

0 

1 

7 

5 

0 





P2 

1 

3 

4 

3 

2 

3 

5 

6 





P3 

0 

6 

4 

2 

0 

6 

5 

2 





P4 

0 

2 

3 

3 

0 

6 

5 

6 






(jij i.ijj-a]l IjlA yn 2 ^Liaj j iA .Sjj^]! (j^ 1 ^a^aJluU PQ 4_iLa*ll !iLLa • 

<_S' c2 Ai^J j D ^(>* 2 ^ .laJiuiJ Liajl .A ^(>* 1 ^Liaj 

.D L>* cs^ 1 ^! ^l/' ^LiaLV 

Igr^l (jJc. uai 

? (^AaJim>a]l — ,_ s i£j La) L_l_jUa-a]l tJ,ha (jj£ • 

? V fi tiLikj di^aoxa Ja q;\ ? (safe state) t>' <41^21 <2* • 
? ojjailxa 1 gl.a'l-N ~~'J ■ a Ja 0 110 (jg^ P0 ^ ]]<a»\l Cll jlli ClulSi lil • 

? ojjuilxa l^lLaAa. (_Ja 0 3 3 0 cjA PI 4 i\,a«,\' c'~ A _i\J-» CliilS lil • 

t((jjAi]l (.5]^) *•''ll>1 n**Al 0-l.Aa-aj (jLau]l ^^glc-) A)l_j-all o^.Wxa ^^Jaa-a .2 
? (A)lj>*]l oHUxILa 4.1/aJ)^)!j^.) ^ (j\ n-sl Lll-la^b.a (_Ja 
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-r? J* 

<^° <?^ c? 




A 

3 

0 

1 

1 

B 

0 

1 

0 

0 

C 

1 

1 

1 

0 

D 

1 

1 

0 

1 

E 

0 

0 

0 

0 


Resources assigned 


a? 


S?j, «, <f 


<%> »£* & & A 

J a ifj* 
(? 


A 

1 

1 

0 

0 

B 

0 

1 

1 

2 

c 

3 

1 

0 

0 

D 

0 

0 

1 

0 

E 

2 

1 

1 

0 


E = (6342) 
P = (5322) 
A = (1020) 


Resources still needed 
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t'l'iMl ~oisLLj 
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Jjj CiMl aJa 1 ^aAlLa 


0-1511 UiA\ 

A nn up]' o^)£|jlll ojlcj 


Main Memory Management 


(_ 5 jlJiilS l_jACj La-Lc-j i(^rom) AuuUJj <jj-^g *•. ImtaJI jlgja. (J-a*J 'l 

ojSlj LlllLaJ tilljuiLa. liljl ^glillj ‘ 2 MB Rom L&-a Cjliu-alj-a ,K’fl L. Luila. jig-?. 

CiLJIj ttiuL 2097152 = 2* 1024 * 1024 ls' ^4-t^ 2 lg-a?^ j 

(jjgla (jgjjl (ja jii£l (_£L<— 


La \j"' jLaJ ig-al^jJ! Alili] Lu.mL.mI 1 A-UMjJ^t ojSLJ! jjliaj 

_4_1uL A imn^II ajSLJ! £-a V) cjaLCL V (jV .Ig-ill 

(one CPU Clock ) J 4 £-Lm o^jjC) Ic?. 1 *jjx« CIl/L >«.a\l £-a ^Lla-all (J-al*j ^jj£L) 

oj£L]l ^n»‘i .(CliljjC o-Hc.) Ac-^ui (J5! (jjfLi A um n^)]| Lalig i^js! jl 

- d-L^>ti.i.a\lj 4 jjuUJ j )]I oj£lc]l (_jjj ((jlL]!) aLu-all 


C_] jli lg~ic-^)-MM LailJ iCllLlLaaJI (_j-a jjj£ C.3C- La.L. (_j-a 1 gi£-aj oj£L]l ^)j£ 
jjjj ^ LL^jiaJL LgJjL) (_^-a AjV iLUL] .Ig-lS <La_jI*-aiI Ac- jmjj (_j-a 

.t- UalaJI a LI ^gic. LjIujI jlitj 

liUj (Jjj-3j ajJ—lalLa j_ic. j “Lu^jjaij o^^-igS Aj-ulLj ojSILj l_i uLa. Cjjj (j£J! 

.(jjL ..ill oLa 4_jLS ^g. 'L j ogLulj o^SL ^^.3 ^ .a'lVt V Cl jl L^-il j-all oCA (jSJ ,<L< 2 Lrkj 
C1 LL_mjia]I ^g.3 C-ujlj A£-^)_uill A 3 !lLLaS oCc- jj <3jilLa dllii-avll oCA Aujlij 

_!Au ^gJaJ 4_1 £lI j_U3-lu^)j jjjS. L-lLall LallJ i(<j]lc.j oj i» ..o 1 g i^il) jjllSilj 

(jjjVlll ^LLa L-jL-ail (j-aj£]l alAuluil j^-aj <a]liL-al! jS!jC]I oCA ^_ya adV um^U 
^yCj CgiLlS <jjujjj^)]I o^jSIc]! ^dlLaj Lalig t jjj£JIj ^IjI! 

\^21\ ^^3 ^LLac. jlLajjj ojSlc]l jgCxi ^g-ajoiJ (jiidill ^Uaj ^yA a-ju oCA 

_ j-aCLLuMa jjaJlj 4-aCjClui-a]l ojSLJ! f.\ j?j ^glL • 

\ g uLuj Cl)1 ]\xi» \\ o^)Slc]l ju 
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3j3ad 


/ojSIULj ClsULutJI Jxa^J 


.l^l^kluil (j-a d \\ i\.a» \1 a-l^lil die. ojSIUI (jj^^aj) £J^)ilj • 

.(si/l/op) e-di-aill <jjuuj j >]I SjSliJI (jjj (Jj3±i]l SjIj) • 

.(jlidMl ^llai (_j^j 1 g ) (_j-a ojSlill ^^3 dlLlLaatll AjLaa>. • 


AxuUJ^ll 4_iij # 8.1 


^ Q aQ> /\ 1 I 


(^a3j) (jl^dc. A i\y (_)_S J-aajj t4,aK\' (Jjia (JjSH jItuu" <^3 \j5laJI 33c. 33a_i i"ny 
^_3 <_jjD-),a\l A ,a\5\l (jdS-a 3 )3y'l 4_aJl*-a]l o3-^,j 4_J5Li. (j_/» < yJaii jol! jj-Soj ^ 

^_3 jjl_£ I 3 J ^iliLa /ajSjJLall 4_jjUiill j .ay-aj o3l_C. ojSlill ^y (jjUl /ojSIHI 

;ljj3j (ji 13^3 t(A/78) djjljljt-La 1 Ig .ay y ojSli tilfmla. 


1048576 = 1024* 1024 * 1 

,jj£j_ui3 ajSIUlj AjLi. (J4aj dijlj (jl_5i '44 t<—sjc>. jl j-aj i—yL2' 

AjliJI (jlj_ic. (jx. <■ a liyj (jl_jjc. lgj.ll AjLi. (J-5 j a^)514lj AjLi. (jjjla (j-a jii£l \-1 j3i1 


.(1-8) C(jljjc. (jjjl® Uj4 UJ^Jjoi (jlliilljj 
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(J)X ^)Vl 


.1^.1 J 6^)£lj (jjjLic. :(l-8) ^3^) 

Sj£l2]) jj2-o .8.2 

;<Jla iO^jSlA]! jjAxs ^»j.aw.->'i pl^jj j-a *—sIaA^I ja AjAaJI lillliA 

.lAjJ^jajj £3l_ja]l j^2w • 

.oj£!a]! AlajA £-a (JaLtlll • 

.o^^Ia]! (J-al»l\\ 4 i'q)-» la" jjjUaJI ^lAaJiml \A i'<i3Vla\' jjjli*J! • 

.(j>»» 1 g ■ >>» j jc- ^^^>21 AjLa^. ;Ajlaa2l • 

.AjlaaJI jjjllSI jjA ^c-al^jJ! jjj <5^12121 jj3jJ ;A£jLaaIl • 

flAii-L c2]Aj l*a=w aw (j-a ji£! L_iC-jlmlS oj£I 2! AjAaJ ;oj£I2! ^.LuijJ • 

.L-2w-a]l (_j^a jill (_ j-a a. ja. 

^M' >aw .8.2.1 

lA-^J oj£Ia2L Aj2 uia m o^^lA-l! jjA_a jl_3 ^c-al—J-}*—*aJ allAjI IaJ 

oj£I 2I jjAa ^j'qjwM iAii!-lc-] (■_ \\h) lia3j ^c-aLj^jal! ^'aVu«1 ja 1 ngVil La IaJ 
£cal^)j (Jxa^j Ala oAI alwuLU AjlSia ^J^)ijj ojSIaJ! (j-a ^-aLjj2l Ia^J j^a. La 

a j£I 2! Aja jA .8.2.2 

(Jjw«aj3 t jjL»~i\l jlfui IAj i^clLta]! Ac. jjwuj (_Ja*j ojSIaJ! Clul£ i“ '1 n iLa21 

Ac. _j-ui CliajLwwaij .(1-8) JSaall toj£l2! <21 CliLwaj La a ql»w>ii Ajcj-mj ^2Lta]l 

^JLa-2! a-Llaji (^-3 t_ n jwaJ lA-Aj c^]ljLa]l Ac. j .jui aljl ^jJaLjaij V A 1 jwa2^)]l o^^IaJI 

.oj£!2! £a (Jalx2l (j-a j£Lajj Aiic. j-w2 
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? liLa] 11980 cs^ Slja-a oj£li) tillli& (j£j 

oj-£!i ^ jJa^J 4 j. jguj^)]| ojSliJIj ^Ic.^yui (jj-J JjjLill lAA ^!lLc- ^_!i 

4_ij^) 2 ji 4 £.jjoU ‘(2-8) lM tol±i-a]l oj£!.l]! 1 .ag n ) 4jojjai 

4_La 



jjjj olia-all ;^2-8) 

(jjSjjui (4-ioUJ^)]! jSIUI ( -i\\ ,j>s ^)i£l) (Jjjt-uU Ale. 

(j-a 4 -y >m i) 4 ) mi n^II oj£!aJ! ^gjj ^c-ali^}!]! (j-a s-J>-a. ojSIaJ! jj.la (J-ai 


jJb s-J^aJI !a& . ((j-a^alll (jjSjjui !lLal£ (jl (j$\ ‘ 4 \u'i (JJaliuij 

tol j-y.a\l o^jSIa]! 4 in oj£Ia]Ij <iJ)aJ! (j-a (J^*^ [l ‘(jVI 4_a.LLaJ (_£A]I 

o^jSIaJLjj ^j-3 t (jSL-ai CIl^Lj ^j-S jjia $.J)_aJI lAJfc ^jjfLpuj ^gJLlillj 

oLii-dS! o^)£!aJI (j-a CjUUj £aiajj jm\ (JS -lallm j\ oj£Ia]I ^j 4_utgj^]l 


i^joii 4 jujI 


)~v u^il 


ij^n 


,hin 


.lAAiiii Cilia. ^la-all (."^um] 
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i(L2 J LI) a\ .l~v.a\l ojSIUI (j_x» (jjJjILui-a ll-a.'iVi >«1 11 £t_uij (j« .aA CJij 

^r..*ai]l £>1a J CH 1 4_iLl3 ti.)» .«ai ojSIUI jjAxs A ,ag ,a Jjt^_Lui ICA .(2-8) 

4_*jlla ^gJ) <al.ijaVlj 11 a .(consistent) 4_aaljia j^lji a-ic. C5 Jc. <L& jj-ail 

.CIiIjjIuiaII 4atLk-a]l oIa (jjj ClsULiJI 

4_i]liLa]l dllaj^al^o .8.3 

aj^lj Aj. 1 (jj£j (jl La-a^)^ J i»_Lu)Lai] La, lVn« ,a jJS a-ljjjj LLo c£ 

;5_JLlSI CjIL^jIjaIIj 

SjjjS • 


Ajujjoi 


>1 jis^A jSii V - (non volatile) ajjUaia jjc. • 

^g, la. j£ljUI (_j-a Jl^Ij pjJ oCA ^alaj ( als tdi\ g jA Clil g jA 

.A_lIliLa 4_u»^)A (jjSjl (jJastfll 1 g .>i* j (_La£j 4 q\~i~v.a jSIjC oCc- ^IaSCLui! (_j£uiJ . ICA IxajJ 
L_ula. ^g.3 1 g t4 Ac. j_uJI ( _gic. (Ja^aaj] ((jlulSJI) oLia-a]l ^aCiCLaj ^AlLoSS 

aJIc-j i (Lgjljjlia-aJ laViVl V) o^yUa-La j oj t» ..o 

co^)Jj£ (j- 4 (j^<a*iV 1 g»<a o^)S!U! ^IjlSCLujI ^i'i^-aj t^UU 

(jV Lg-La j_j£i ^ >*v fhV; mil ^ n^.a)j t (Ac. j_uJI Ala-juijlLa) L-a lx. jj Ajuj_*jj j nan 
'ojji.^ij CllULlJI )aS-v\ lgjj.Ha ^aCC. ^gi IglikjLuH jSJ t( jatjull A JamjlLa) (Jj£*-a Iajxjuj 
j£]IjUI A_H (jx. j j.a'n ^g-ld! Ajjjllll oj£IU! jx »llad mVI ( xjJalLuil jj ijl]U .AajI j 
AiLiCa^lj . j£ljUI j-a p jill IjA .Lajlj 1 IgjLljlia-aJ IWiVl Igji ^gi Ia(■ i\\ >m\1 

.(j<-»jA j 4ji Caj c(oljlia-a cHj V) jjUalLa JJC- 4jj£ ^gj] 

<-J^° .8.4 

;^ta3 ‘Cjjj Cll3jjujjj^xa ^IciJLujlj (_jll£ Ac-ljJa CllULiJ <_Li.Aa jA j JLaa.i clji 
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Jji t'l'iMl aJa 1 ^oisLLs 


n<dll Jaui da l_lull~s\l ^tlaj • 

, A/aa.! ^Lai diASlj dj^j^Jaj ^t-alj^jJ! ^ia3 -djj^ll LajAj)<a ^)£j • 

.djUUJ! (JlaAb A/aai Saj • 

.(iaia — a qdj i__aLall ]aq-y j ^15 l" A -v.q.L^-a 3 jda djUbJI (j-a a.J)a • 

jdiJI (J (_£^)_ai oj_/» i_i_Lall )-» q~s (J-a3 (j-^J (^^j-ai t — 'I ^ n-i 4 • 

.Jjl^aJI jjlc-li L_Luila]l (jc. ( _ 5 J j )^S]l 

3 .Win (_J& ? 4_laia jjjLmi! Ajjj <-_oLa ^iSj (_£^)ai oj-a t— 1mlall A/iai ^j3 IaI • 

? IjLalj ? d ll ad-p 7 ^ d ll ad.p 

blab 

L_iida]l ^Jajoi jj^Ja3 i^al^l jya a^a ls^ (Jd»-dlill ^Uaj (J-aalll L-luilaJI ^j 3 Aic- 
^UaiJ A-aai (_j_-a 1.1 Up Ajjj 4-jjbi <__j-ic- ^jAj>bl ^)ii]l .bib ^jic- <ijb Axial ^»Lal 
di 4_iLa*JI (_jl (_J_lb 4_-aLai Ajjj oASlj j_j^Jaj ioAjAa dlLaC- ablajd (Jj*juu3! 
<aLmbl j_ic. ^>-al dabuua ^j-S) ojSbJlj (jVI Ajjj ^c-ab^y U cs^J lAalmjl 

.((-]]*dllll ^aLlaj l$J (J>aaj ^lill 

j g lVl djiAj JbaAVb A-aai Iaj baA-ic. ? (J-xi*j (j Ajjj ^c-adi^ tlW 

ojSIaJI ^gjj ^jjl dll 4-a_j] (j-a (_Jii-uj djblbl (jl (_5-ic- (Jaj lAA j 4-mbaJI djjlaAbl 

4_j_jjlii i j£b (_^l jl L_llma]l (jaa^)all_J 4iijlc- l^J (jj£j (jl (jjA 4-mLuJI o^jSbll (j-aj 

.LSJ^ 

jjjM AajJ (jjJIj (djlaiLma 3) A-aa.1 4_ldAi da ^ i»*i <-_kLaII Jaia. dlLaC- 

_L_lL-all 
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AjjaLuJI SjSIHI CjUUjII j£d ;(3-8) j»3j Jdi 


.’W'i m t jl g >" jjlc .1 JaiaJLj ^jiL) (jl (_Jj 3 j£]j (_ 5 ^>d.i d ll 4 daa .1 

^jJ 4_ijl dll ~\q i.s> 4_*j j^\ X&a.l .'Wi mi ^Lllljj) ojjLlada lAljla-a ^1^)11 

.(4jjjl!i3l l jSlilb l^JaiikJ 


u" ll ~\k ••'l 3 -la-S3 ,K 1 joi (jjLull 4_ila ^lijj dljlli a^ya jl g -nII .^-n! ^iLi La-lic. 

? l^id.4 (_5^i dll 4_iaj <jjl 

^lldll Ja4aJI ^j.3 4_j^jl!ill s^jSIaJ! (jx- Li! ^jdc- V 4_il }-»~v jlj ojlc-i Jliall j-a 
4 Vi^ JLAC- .V-a-si jl-a >> ilj idll—ljla-a (J-£ UdaSi jl g >11 jj-lc-1 La.*i ~m°l . djdajia-ail 

•4c-1 j i^ljllj jjc- ^ n^il 4jjl (_£^)iJ a^ya (Jjidll 4_ijliil! jl g >11 

4 i mj^ll aj£!dl! (jc- 111 ^jlc-V dlliS _4_ijlj oj-a (djd3 <^111) 4 _*jjVI dil ~*k q(Jl_d.M 

_(j-a*Jl ^ (_jiilSll ^ULalj c^-al^ill (J-lidj ^ 


(Jjjt-dlll ^Llaj (J-lAsdj (rOIIl) ^j^jll-J ^c-all^y ^j-*L L-Luilajl ^lil LalSi 

^L-aljjll 4_lkj dal tjj*_dlll ^dlal (jlAal) jfr <I_jXm-all ^j^jll (jl (_£l i^l^jld 
^allaj (_!*_dj ^jjll (jil .111 1 g 1 1 »djj (j-a _jA (Jjidllll ^Llajj Ig jlal (j- 4 (j*v 1^ 
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Jji t'liMl ->h i ^oisLLs 


.1 W.al^)J (JiAij (_])» >!n\l ^Uajj (Jl» t'liMl 


juixj .8.5 

4 djUlnll j Cjjj ^»Uaj (jl AaJ ‘(3-8) t> 

^ j jai (jji ? 43J^)Ja]l £>3£J C m >>ij t Q»l j\\^ 4 jjauj^l oj£liJlj o^j2*.ja 

a£Uu i__sljSj ojSliilj ^c-al^jJI (Jj-aVi ^jlL l 5-^' (j^J ‘I $■(]*^ *t ^3m.i Clu4 li] 

(Jj-a. jjAli 4iluiVlj CjljLuiilLui VI o3A J£ ?^)^.l (jl^° <^3 (jl 

CllULnllj ^c-al^ji]! (jjjpli <■ j oj£lill 

Jb Lajfl ajilm _4jLaC- 43J^)]aj oj£l j]l jjAa ^gic. £>3& I Ullml ^gAc- 4-jl^VI A<u*j 
.oj£l j]lj (^>1 g a \\ 33*1)) ^c-al^jj o3c- j)jj)^lll 4q\'|-y^\| o^£t j]t dlljlcj 

4-aC^lLuus 3 ju ^aJ (j-lJl) 4_Aj3all ^aJajJl ^^3 ojSljJI ajl3j AlL^jia IaiLui 

(Jji_illlll ^Uaj jjAj <■ ’l lAAaj ^_da^j ^aJ tduJL&JI ^3 ^^3 IjCc-LuiLoi I g l£3j (l j\l-\ 

>jSlill CluAaJl 


;(jc- diAaHlui dua. 

.(4 Al.Vqll ^al=u]l) 4_}3l^.l ojSlj]! • 

.(4jj3aJI ^Jaj]l) j < ^11 S33*lLa ojSIjil • 

.(fixed partitions) <A1A1I j^' • 

.4 j^j-al ndl 4jj^li]l • 

.Cjlc-ljill ^ Jxi Vi • 

'dL=ajL<a]lj ojSIjil • 
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C^Laj J j xj^ll ^Uaj .8.6 

‘(single program) ^UiiSlj J^*j j sjj^a s jSIUI caj\£ UjaI 

^Llilljj (Jji_Cullll ^l2aj 4il_iCaj/l-J JaA3 A_al j ^-al-j^W l))* »«\i ^.'iVnu.all ^.a>.i.l1 

(jii . : ;n\l )Vi\ (j<a i^i\< a-^a. ‘0^3^ L 5 ^l MajjuiLa (j_j£j 4 n M njll o^Sljll jjli 
JjA-Ciull ^Jal f^ya £-^_ill I.1A iSj^ (_1S Ja^3 A_alj ^c-aLj^jJ 4_i3 ASnl W~n«.all (_j»a>-aa-a 

single ) ^1 MjaUI ji (single task) cs-^y 

.(4-8) fSj J£Ji ‘(program 

(Jjintalll ^liaj A ->l. ,i .i 


a. 1 Vi*.iMl 4 ^U*a 


;^4“8) 

CS-i llaVl ^Uaill L-JjJC- .8.6.1 

j/j 1.1a ..-i lAA (jL£ jJ ( _ s —La o^jSIaJLj -laJj9 Aalj MU lA 

; i _ 5 j'^l t_iaiuj ICA j taAall■ ■'•■'ll MaLuu. (j-a (Jjlall V) (JilLuiJ 

MlCj CojSIaII <aLui«a jlAAl • 

j/ ^l—Iaill ^#Ijj (J-J-aalll 4_c. jli Cl)l til I' lA o 

.(5-8) ^j JSci t^U jj l^ya jliSI (Jl.aVn ^auL) 

jy Vi (^-S tjilCalLui'^l sjCU j-aljl jl CIsUUj Aaiall ^c-al-j^_>al\-j (jj^j A3 o 
.(S^jSIaILj jLal£ (jjfL) (jl (j-a Ajj/ ^c-alj^MI (jV) ojSIaIIj Ijjja 

.^sAaliuiAll VaLuua (_j^> jjSI I g -a> *v ^-al^W * ' I-"' ‘ ■' ' (jl q 
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J)» t'l'iMl aJa 1 ^oisLLs 


Ail) jV t^ljt-aJI (j-«J) (j-a -lliLuxa JJC- ; jtAfcl 

t-li(jx- iAA l_LSjJ lijj 1 oA^!^]I 4 )a-\\'l Jaa3 A^lj 

^LstJl (jjSj_jui 4_llaJI oA& ^^.3 u" O lAijAa. ji J-aA j)\ 3a Vi I ^^-3 (jj-S-J 

.4_La ^liLai-a UC-j 1 *11 >'Ii J-astJ ^ !iUalc- 


ib.LdJD 

^ Sj ^‘‘ . in 1 1 





o^)£li]l (Jt»Hi\1 ^.llaj jjA) i_L)S .8.6.2 

!a& (jjl_i) V aAjii) 1 n\)a ^aJ! ^ -n-s 4_3j*-aj o^SIaJI jjA-a ^jJL) 

4_^.l_m>a oAA (_5 jLul) ji ^)» k-i! f^ =k ‘ ' ''''"'“'■‘'^ 4 ~sl >«,a ~s £-a 

V) ^jAajJ 4JL.J 3a‘i ASj 4 \),aVi ^LaXuiS Vjj tajSli]! ^ 4 \),aVi ^JJjoi ^AaJLxa]l 

.(not enough memory s «*?>jj 

^j_) Cll ia-J ^AULauJl ^c-alj.) (_j-a (Jjat-uiljl ^Llaj 4_ilal<s 4_)Laa_) ojSIaJ! jjAa ^ji) Ulaji 
(_)•% na ^.A.t.i.L) (J^ ^j.3 ^AaJLowJl 4-^1 ,,i^j (J]» Hill ^ilJaj (jjj (Jjk-ali]l £_Aaj 

Jj_^aj 4 _iL& ^AkijoLJI ^osli jj ^i) Uax. ^(Protection register ) 

^^-3 £-a j-aVI (_g-3 ^AaJijoiA]l (jlj l*\l (Jja-luil! ^Llaj (jjlij^ui oj£Ia1] 

^jAai] 4_j^ ^ya^\ Alii) ^_ya ^-alj^jJ! ^-laj i4_la ^g-lc-l (jl_£ lij 4_)LaaJI (J> tM -a 

.JjaAia]! ^llaj 4jl]ala Jj^a_ji] 4_ljl_a-aj ^Aalluj-a]l 4iLlala] 4 i-allV^I 
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Jja AY'll I ala 1 ^uALLa 


La ojSIaII oAA Jlia oj^lj S^jIa] oj£l.ill juA-a C. J^aull ja 

? ^ 4 _iiA 2 kH ojSIaJI ^ qS'l Ja ^LaU^jull ^ jLli^lj J-la-Aull JJaj 4ulaa. _jA 4uic- 

(JjtAull JJai jA ^laiil ja £-_jiil IaJ JUia . JJaill lAA ^ oAl 2 k_j]l 4imall naM oAA j 

.DOS 

^al£.all jjjLLa (Jl* juoM) ^aLlaj Q."/ 
ulijli iA^lj uu3j ^ ^-alu^jJ ja J&l (Jjji-AlIj ^Aaiu all Ji» AYill JJaj I a) 

^alj_Jl aa_*i^ jl ( multitasking ) J—AA_*ia Jj *—& —ki £_a J_^l* 2 i 
cs-a yi* .sjSlUb £*lj jj j_a jJSl J^ia^J u-^s .(mu/f/programm/ng) 
Ja_Aia ^l] ^-LaojaiVlj 4_Ljj i— )~iSM Ajjj ^calu^J (_l 4 a.Au (Al'lSa) jjAllj JiaAi'llI JJaj 
Jaj 11a j ClijJ! (jjjij ^ ciiAjjliV! j^a cAlila Jl jjlj (media player ) 

. J^-all AAaua JJaj jjAilj (jl ^Jc. 

(DOS J-La) J g all <jAl_=J JjijuL) ^Uaj ^^3 Jaall lAA Jliaj ^jSlI jl (AllAjS IaI 

.(.^^i-VI Aa.lj) 4qll-va ulsliijl ^ ^-' 4 I_)2I oAA J 4 a.Au tililc. Lajlj i^iLalLaU ji9 

? J^-a AA*j tillllA Ja ; jA liA 4juijj ^^laj (_5A]I JJI Jl jail 

.^aAajmj u^aII AliiaJI £- jju Jajjjj 4 jL^VI 

uj4j o-^ ‘(single processor ) j 3 - cuS IaI 

^cJLa-a ^AaLLuU (■") iS lil Lai .^clLa-all ja jl A 1 > J^la.Lul lajjj J^-a AAaj tilll lA 

(multiprocessor) ^ >11 a a l l AAaia ^.vi ,.y cu_& J (dual core) j^ 

. ( _ b 3j3'N ^»l^-a AAauj J-aau tilalJaj jjS_n«4 

Jl^ 4 .8.7.1 

JUlaJ (ALIa ^j_Au \_ic-A ^j-aA jJIj ^ a < a-a ll ^L^_all 4A_aj jJ-J jj-ill ^ 4 _Aajul 


(JaAiiall (_klaj-all^ ^^-aA^jll J g all AAaj .8.7. 1.1 
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Jji C'iMl aJa 1 ^oisLLs 


)aj >m‘i L_i2aj<all jjLS Ia] A_il A_aj t(3.8) *—JuUb ^g.n j^jII (JliLai] £-ja^>]lj 
La£ AlLac-i jaiiu) Cilia. t(4 iqi'qa jjc.) oAAaiia AAj^jIij J-aaJI A l^a.i3 

.AiiaAa Iaiij Jaac. cJ^-^) 


.Cjlilnll oAA A \ .m'i Aia (■_ lUanu JaaaJI ^ja CllULiJI (_ja*j i_iJa_j-a]l filial lil 

(J_ia*JI Lalij AliaAaj lAiij ^>al (Jaac- <—ilaj-aJ! Lg c.,Vni.n Aiaaiil oAA ^ 

Cll3j (jn oAliliuiVI) AililiJ Aiixj j)»a (jiLuJI 

.i^Ua (Jstal i—lA-liai tdil.Vn>M<a ^yja-ai] !ll!La ^lii]! (JaaaJI filial Ia] 

^ i_kJa_jAl! jjVI tdlldiuia jjj-ail l_iAA ^^iliillj CllliLiJ ^^3 ) (JjVI (Jaastll 

•(L j ^) 

.AliLal*-a jlail lAiij Cltilii JaaC jt-fiaj 1 _ila^ai] (jSul 

.AliLal*-a JLaSV I jAla jjjfLiui ClsLil_ii]l Alixj jj-a (JjSM (JaaaJI ^)3 lil 

jl lAiLala-a A] 3-a£a] (JjVI (Jaastll (JaAim C' i\l~'i\l JaaxJI jpi i _kla^all pi^)3 A*j 

.1a5iAj i(A]jAall) (_£jj ^ 4i*«a i£-ilj cJ^C- lI^Aj A3 

A-iLiiaJ! (j£i] ‘Aalj CllSj ^k a-TLaaJl (jn AAc- ^Aa_) <—ilaj-a]! (jl (J^ai aL^jUI oA^j 
j CoAal^]l AJaalll ^^3 Aalj (JaaC. j)-a V) ^i£lll Vj p balm VI (J-abCi]l ^llallmJ V AiS 

a-!lLac. oAc. ^Aa_) Ail^) j£lL e-'%ac- 4-aAa (ju AifLa Ac-l^jS Cll3_j] .jail A^allml (j^l 
^^-3 (<i!1Laji 11) £-a (A <l,l-i_^a]l) ^La-a]l (J-aC- Aldi AA)^!a]l oAJfc .(A_alj CIlSj 

.^-aA^ll ^Lg-all AAaJ a J—-3-a 

f l^all AiClal .8.7.1.2 

dl 1 a i(j^LuiSJI i SLla_jA]l AaCll _j-£ 3 ^»l-^-aJI (_ 5 CLai 3)* lail A ) ja 1 111 L-ai 

jl All joia jl ^A_j_d A lix 111 (_]_ia*JI ^»l_3 lij ^aCi j j aC. A a.'lAj t_i-laj-all IAiIjuj 

(jxaaJ! ^-^>31 ^jlia ^l^-a ^1 i_5Cjj V Ijoilla <-_aJaj<a]l (_Jla tASljjl ^^3 4-a_jia-a j)C- CllaJI 
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Jji t'inll aJa 1 ^oisLLs 


Ua&i (jA JjaxJI c_k 3 jjj A 3 j C-klajAll oja £-^JJ AjULij A lj jan (jA 

.Jaa*!! lift Ijkl'M i_alajAll (JJajj c5-“ iS^ J Jjljjl 


((juilajAl! (j-a A Ac.) ^I^aII AA*j .8.7. 1.3 

t J-lAC- y\ ) (jl (■ <1 !•» ja 3 tliliLa (jjilaj-a CllliLj AAc. LijaJ (jl_£ Ia] 

AA_c. (_5jl_ ul) oA-^l^ll A_laa>A!l ^Ia*! -y m (jjA_ll ^.I^LajiII AA-C- jgi ^Jliillj 

(jjila_j-ail (J^aaII (j-a Aj^ talg a\\ AA*j AAinll y)"\* j liA .(jjA_j^_jAll (jjila_jAi! 

.AaJj Cll3j ^ ?.!>LaC. CLi!>Ij £a (JaI*a1Ij ^-LaluiVlj t—lAjCill CL)7>V!ll\ 


A la. jail Laj] j ^» 1 _£A AAju lillliA (jAlis A^lj £l! 1 *a tillAl (jlS Ia] 

L-lis (j-a til \~i.a'l t. U ■ "I j-*>. 11 ^_3 ^ ib&aJI ^L^aII AAju LaI .^cila-all 

.(multiprocessor) ^1^1' ^ ^11*^ t> j' ‘(multi-core) 


AAjliiil .8.8 

A_a.lj'^ tiLlij -N^Vl A_alli-a AiLlli JjlaLLa < __ s _l] ojSIaJ! (Jji-tAill ^1 )Vi ^ mSi 

joia ojSIaII SjIaI ^AaJiuiJ .J-il IaII oAA ^ AASlia-a ^ la-ai j ^caI^j (JjasAiI A^a^jall 
A_aJ! (Jj^l (_)> jaaII i _ s -H (jJ)_ij Cl i~\ ojSliJI J}l-al l.a (j-A AjilajA (J-^l AjA_a. 

.Aqj-ai<a\\ AaJ! J^ajiaII i ^ s $ (jJ>aA IaIij AaLuaII 
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Jji t'l'iMl aJa 1 ^aALLa 


u 

244 

JJbJoil *Uaj 




<*. 

H^i ^ wP—<* 

f <uiaj ? s_| 



7 N 1 










. f *ui$j 2 4 



77_1 





3 



324 




524 

4 >^^^4 




.(1 -8) Jj-^4 o:(6-8) j 


oj£!i]l jjAxs J-**-! <—ijS .8.8.1 


IjlA t_gj’i-sj ij >~v\l (JjJLa. C3 .A..i.aJ (JjJLa. al^aJLmlj ojSIU! jj-la ajij 

.<£■ jli 4-aJliJLuui ^^A (Ja J S jSlilb Aa.jJ (jjlj •«>**> J <aiai-a (JS ^a3j ^glc- 


lg .al.l-v'nul 


4 Q \~% \ A \ 1 ^.‘N. *N. 

44Lx1a1I ^»3j 

iJi 

244 

10 

1 

iJi 


20 

2 

(Jja-tlxa 


50 

3 

iJ* 


200 

4 


.Sj£ljlll jaa. Jj^a. ;(l-8) ^3j Jj-la. 


4_la ^r'iVuuj i—ua. .(6-8) lS^^W SjSliJI (JlLaJ (1-8) (Jj-la. 51x4 

.(■ia.!j Cll3j ^ 4 (j^-xl) 4 • 


.(Igj Jxoax 5/j ‘UVI 1 $j) ^Jjjcuua 3 ^sli• 

.(4 4alala) CluljjLS 200 J* ^A 4 \j,4Vi (jfuaj ^>i£i ; i>\ • 
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Jji t'l'iMl aJa 1 ^aALLa 


.(7-8) JLill ^ (1-8) JJ^ll i jSlil! 


o 

244 

254 

274 

324 


524 


*liaj 


1 


2 li 


.(1-8) ja^JI Jj^aJ SjSlill (J£2 ;(7-8) (>3 j 

^jAxiull CjIia ijjlja. .8.8.2 

o AA (Jj.aVi (■ tlgj ^c-al^JJ .1) jjj jl3 (j2ali<a o-ic. tillliA jl£ lil 

; Jila ^-al^^l (JxaaJi] 4atia-a i21slxaj j )l_yi. tilll lA ? 0^1 j2l 


ciua. 4<ic.jlau jl jL*> plja <Jsi ^ ^c-aUjJ! j ;(best-fit) s-^VI 

jl j^-aj ^'IjS <J3l jl-iiiJj ojSlillj 4 -vl~i,all 21llc.lji]l (JS jc. diaJI -tljuM 
>.jS!ilL 41 l.aVi Ajjj (4 jl.a»ll) ^c-aUjJI c_JC. jiuiJ 

oiA t4_i&jijj jl j<ujj £-1 js Jjl jfSI ( ^3j ^ :(first-fit) Jj^' 

^>iun Lajjj tsjSlillj ij^_j 2 kj-<ill Clilc-1^)21 (_]£ jc- Cliaj £-li=kj ^ 4_Lajjl_ji2l 
(_5 jLoli jl ^>jSI 4^-n~\ jjfL) ojSlillj sAaj £-1^)3 (Jjl 4 li-aVi 2j-2l ^t-aU^jJI 

.^t««l-jj2l ^ ~s 

L-jtjijj jl j<uu £-1 ji jj£ 1 j2l ( ^ J :(worst-fit) _>£VI 

jliikjj a^jSlillj o^_ya.j-2l dllc.I^>2I (JS jc. Clia-ill ^jjjoi CLua. 4^-°2 j )2I 
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Jiar .'.nil 3a i ^oisLLs 


j| ^)j£! 1^)41 (jjSj dna-i) 4_}3 4 li-aVi 2lj3l £da_jl l-a-N-v 

.(0>alj^3 (_£jLuiJ 

(1-8) Ji. 

‘P3=200 ‘P2=50 ‘PI=10 1>? Id^I jl* lij 

j_jj£_oilll dl j.ajjl_ya. ^lAiduilj ^3^)31 o^A ^allui <■ 'll^ 0 ! t(l~8) J)>*31 3j-^?- 

? 333 
JaJI 

j ‘4 41 Llia!I cji P2 j ‘1 4iki4l pi ^^'h. :(best-fit) 4iLjla 

.(8-8) 3^‘''ll t(4_iiSj £-1^)3 2 l^jJ V 4_jV 4 lj,aVi (jSLaj) jlalllLu! P3 

‘4 4-ikdll P2 j ‘1 <3ai4l pi :(first-best) 3jVl ^jla 

.(8-8) 3^341 t(4jq^j £-lji 2l^,jj ^ 4i^ 4 lj,aVi (_j^-«j) jlViVijm P3 j 

t>> c39l41 cs^ P2 j 4 <3ai4l ^ pi jdiui :(worst-fit) 'j^Vl %>!=> 

.^il} ^Ij3 V 4 jV SjSliJb aU 0^3 P3 ‘(190=10-200) 4 


244 

254 

274 

324 

524 




pi 


P2 


244 

254 

274 

324 

524 


>Uai 


Pi 


p2 


244 

254 

274 

324 

524 


JJbwO^I *03 


3 


pi 

p2 


*X> ilfl 


1 


.(1-8) 3c. CjU-q(J^ uj :(8-8) 

3jla^ — (2-8) 3'4ia 
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Jji t'l'iMl aJa 1 ^oisLLs 


U.2 lij 





i. <1^ ^ ■> » 

•; ii a 

244 

10 

1 

c • 


15 

") 

f^jLs 


40 

3 

i J £ 


200 

4 



100 

5 



5 

6 

f-jli 


400 

7 


.o5lc-i J)-y~s.\l (JjAaJS ojSlill (_J£jui . 1 
; oj£!il! CjllL»JI (Jxoaj i. ’l t*\ ^jJzaj .2 

: ^l^kluiL Pl=5, p2=100, p3=40, p4=500, p5=200 

ffJjVi • 

bf 4-LuLjS/l • 
wf i • 

(3-8) 

;(l_ujjj]Lj) 42U1! ^LaisSM (j-a UJ^2 Lii-ll ClulS Ijj 

100k, 500k, 200k, 300k, 600k 
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Jji t'l'iMl aJa 1 ^oisLLs 


IjjaiVij ‘(bf) ‘. t(ff) iClllxa jjljaJI (j-a (JS £_JaJ L_ij£ ^jJaj 

4_iMI al)Lla*JI i(wf) 

PI =212k, p2=417k, p3=112k, p4=426k 

? al.laJLuil 

I^J LS ilLa]l (j-a ^ui3 a-Luijj (jS ujj ^ 4_iLaC. (Jj/j-y'i Ijj ;4_nli 

.((_£^>a.i 4 ilac. (Jj-aalll ^giSd lil) ^uikil 


JaJI 

:(ff) JjVl (I) 

cs^ 112 ‘600 cs^ 417 ‘500 ^ 212 

426 ‘(500-212=288 t> ^ 288 

:(bf) cU&l ( M ) 

^ 426 ‘200 ^ 112 ‘500 ^ 417 ‘300 ^ 212 ^ 

600 

:(wf) 'i^Vl (Cj) 

.Jzz 426 ‘388 ^ 112 ‘500 ^ 417 ‘600 <>212 

.4_LaJ>ja. (Jjaiaai (bf) <j' - L: ?^ (J^-a]l I^A ^ 


4.8.9 

LaK a.J>^ 1 jujjj ik^-juiLa jx <j!Ai1! ^j-3 oj£!3ILj ^AaijauJl 4a.l_juwa 

lij i4_c-jli 4^1 _juaa 1I (_5^kj ^(jj^j) 2^^-^ (J<aVi 

.(9-8) ^vv-yj ^lii <aj>^. Li jjLjjbUt_j^l ^c-aU^jJ (Jj-aVi 
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(J)* ^)Vl 



(3) 




50 SjSliJI (2) 4-jl.iJI ^ Ac jli Sj£li ;(9-8) J^ 1 

.dluL jL£ 200 jV>su ^pJ\ Jaa^j .Ixj o^)£Ia1I (3) CjjIjjI^ 

(fragmentations) cjlcljill .8.9.1 

jjc. A^. jii External Fragmentation ejlcljall 

J ‘(9-8) ‘jlaji (j-a dll l\.a»\l Jiaad i-llmJ ^djj 4iL-a!/lda 

.(io-8) a^i 

4uU*J 4ikia ^ :& ilnternal Fragmentation dale I jail 

i *Cal.*i Vni.il (_jSLaa ^ £-lj2 .4jJ Laa AaJadall ^_ya i.si\ 4 ilaatll (jjSj dua^J 

.(8-8) Ji£ll ^ 4 ViklaL) 1 jail 


ujSJ ‘compaction 




• cr^ —^—- - j — c^= " 

.4_la a^liluiVI (j^a-l Aa.lj £-lj2 


* 4 \ /\ 


jaaS £-1^)3 (jajSaJ 1 g 1»» ..o (j^aa 4_i^jL-L!1 djlcl^jall • 

.^Ij^-ljaSl^ J \ g~TJ-aat j.>ti (jS-aj ^li 4_iLkl^]l djloljail • 
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Jji A'iMl aJa 1 ^oisLLs 


4_iidl.2l dllc-ljill • 

.4^aUiA]! 4jj ^\I jLiJI dilc. Ijill • 

A i;.^ 4_L)J>aAi]l 4_iii2aj li»>>»\1 • 

(4-8) Jlk 

l^ia i"ilj\,ac- dl5l!i A*j _dlAj_jli£ 896 4-2 wLuiai 4_6i,al'nA s^Ia 

<J£22! <^h L & iCyljjliS 64 ja U-j _>=4' «■ 288 j ‘224 ‘320 

^H^n» Clua. i(A) (10-8) j 
= kLaa-all dl5lii]l i"ll i\.a»\l ^-y-s — o^aJ! 4 ^.LuiaJI 

64 = (288+224+320) - 896 

(JjacuZill ^Uaj L-UAJjoi 4C1 jjIjj1j£ 128 f>> **>.) 4 juIj 4 j\,ac- (Jx&aJi IjAji Ia) 

4jul^)]| 4_iLa*JI ^glc. tdfrJ .64 + 128 (jV lillj d^jStAJlj *Ll9l£ 4 yl tu,a 4jll 

.IgJ 4-lil£ 4^Lui-a ^)3j2i jUaliVl 

(_j£l .(J-a 2 «j (jl 4jul^)]| 4 i\.a» ^ (jSuaJ ‘4_ljlilll 4_ila*JI (J-lat-Jull ^llai lil 

^Iki £ j^.1 I a) .(j) (10-8) l£+ 2' y4 ^ (fragmentation) ‘->^4 j* 

La£ £4 j 3 1 nunm oj-a 4-liliill 4_ila*J! l^jlS-a dlIa.Aj 4 i\-a *\\ 

•(c) (10-8) 

(1-8) J>> 

?h (10-8) <_£22' 250k kAa& Jj-a^i u^j Ja 

; ^ -yy.i £4 j- 3 ti-iA (jjSa_m c") )-v t4 i-yjldl' dil c-l^all !■>» l_La3 Ia] ^ju 

aAax!\ j& j 96+96+64=256K 
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(J)X ^)Vl 


Operat ing 
System 


} 




128K 


896 K 


Operating 



320K 


576K 



320 K 


224K 


352K 


Operating 



320 K 


224K 


288 K 


64K 


(a) 


(b) 


(c) 


(d) 


Operat ing 

System 


Process 1 


Process 3 


- 320 K 


-224K 


- 288 K 


64K 


(e) 


Operat ing 
System 


Process 1 


Process 4 


Process 3 



<f) 


Operating 

System 


Process 4 


Process 3 



(g) 


Operat ing 



224K 

96K 

128K 

96K 

288K 

64K 


(h) 


jill :(10-8 )^jJ^ 


(2-8) Jlj- 


l—lie-1 jail jV tV ?(1 1-8) lMI (_5^ 250k ! $ •« >**> 'ULc. Jd-a^J jSi-aJ (Ja 

jSLaJ 4 
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(J)* ^)Vl 



Sj£li ;^1 1-8) ^ J lS^ 

(compaction) 4 »^l 2' j' (defrag) cjltljAJI .8.9.2 

•Li 4(<C.jli 4aiai-a (_j-a 4jV) <j^*-a 4aJala jiljjj (2 12 

^>j£i 4 ~d iha jj3j 2 djlc-ljill ( *4A2vj ji Jaij. L2! 4_iLaC- oj£!2l CllljljJ (_jJaaj ^AaJLoiJ 
^>-y ~s (_5 jLujJ jl ^)j£l 1 g ■<>>**> (jlS lili Co^jSjiLdl Clllc-I^ja]! j^>-a t- ll juiaj c21ij 
^3 5llLa .^-*2^)2! (J;^Vl ^lj £-1^3 (jjS2 Cl)l..c. 1^)21 o^A ^.aVl £^2^)21 

jA ^a^-iui ^il! £-1^)21 (jl .him fi»t>>\' 1 LaAaJLml 12 ‘(h) (10-8) 

.96+96+64=256K 


jl 4 j^j-al ij2l 4_JjJ)iC2l j! 4_!iA2l 4 _jjJ>^ 22 ClljlS pljjai ^alg-21 aJAseLa oj£I2! 

i ^(o^jSIaJIj L+ .J-" (.s') ^2^)21 ^A*j (jc- 4_^j2 (_JSLuu» l^j ilAjJC- 

.lg‘i>\Lua ^jj <—SjS (jjjjj o22 (JjA*ai22 1 g ~s (JSLuuJI 


oAA 


Relocation (^>41 jjjij +152* .8.10.1 
12 jl jqj 0^)£I22 4j2aLa ^ 5 ! V tAiiHlS La (J]<aVl Lie. 

oj-a 4_c-L=kj] ^aJi ^a-J 4 2a 4-n >m\ oj£I2I L>o ^-*2^)2! ^aJ i_g\ (swap) CO'N 

^aJic. .tgjs L)^ <_j2l jjc. sjSlilL 4 sliixa ^3 ^- 02 ^) 2 ! -2 ioj£!2! 4 _l2 


(213) 




























Jji t'l'iMl aJa 1 ^oisLLs 


JljAJIj til! ^)_utx<2l ^-a (J-al*Ii]! ojSliilj (J)-aVl 

5liL« .ojSliilj li]!jjj lllljjila ,jj£lui (jj! t_Sjaj ^ lii'i i(j£-a^s jjc- oj£!i]l (jjjli*J 

^c-alj^jJ! jjilua tillli& (jl^j ‘521 (j!_ji*l!-J !-^J tJ-aVl 12! 

600 (j'j !»" ^■'iVi min 4_ili ^)_iilLa]! Ii& (_Jjk!^ l-a A .aft ^-*2^)2! jljl j ‘600 

.(12-8) ‘j^i2! <_l«l*-2I 

S^)£13]l ^jl^c- 

0 

aj!.aj 521 

jj*1a]1 600 

(jljj*Jl ^l-l^liujl 

-8) (J£-ju 21 621 ^)^-1 131 ^jVl 

600 u'j^' o^j 4 JjA^aji] 600 sj5'2l (j!ji& ^, iVn«n« ^alij2l jla .(13 

.^c-aLijj]! 4aiaxa ^ jLk ^JU*ai (j^l 

S^)£13]l (jl^ic. 

0 

(jl^ixll 1 ‘i^.Wnul 131 ^jitlidl 600 
0-olj^)21 ajI^j 621 
^ . fliaaJ l j^aIaII jl700 

^ ‘jjq^kll (jl^i*Jl ^al. WuJ ;(13- 

di^ <sjSlilL Ad l.aVi Jj3 2 ^ 22^)21 J-aiji (Jjl*j 4 \5>«.a'l ol^J (J_jiaJ! 

.^- 011 ^) 2 ! j-al ji ^21^)21 1 gj 1 ^ ^^.21 4 s3->l<a\l (jl^ic. 4jllJ ^»3 j ‘_lu>ii 



8) 2j Jll 



:(12-8) 4j 


(214) 































t'liMl ->h i ^oisLLs 


‘700 a_J] <. <\^]n ja\ jSia ^700 ^jl_yi*Jtj i-^- 1 AilaiAj ij^^~' 11] 7A!L« 

.100+700 cs-^| <j'>i*l' J J»1.i 100 J-lila £--» Ijjll (jl^ Ills 

-( *ijj>31 ^)JjaM Al£jlua (_Jaj AJL^jIiH oA^J 


Protection +i*=2' aJ£1u> .8.10.2 


.uAjj J AS AlfLuua L. )Ui.n ^>^.1 AjjlaLa 

£>2a (malicious program) g-4 jj ^ ^ yx>k .^1j21 el$l ^U. 

Jjakll ^ya 1 g +.a'l j-aljl pLuajlj i^lllj) (_£^>i.Vl CllULnllj (J_y^aji] tjiuS aISuIaII 

A_iljla tillliA (JJjJa ‘A j+q-y yjjUc- ^a^kluU Uji IaJj .(ojSIUIj (jl£>a (_£l J] (jump) 
_l^La jl AjU£11j A_ili. (jl ^ya ^-4^)21 olA (J!L« <- ll3jj] 

AjIasJIj (*il jaII ^‘iKhma (Ja. .8.10.3 

AjLaiJIj ^3 I_jaJ! jjjju o^lc- j ^^lllfLiua AaJla-a] A^I.'iVum! ^jSiAl (Ja. tilll lA 

.(limit) Jijlal'j (base) oXJ)l\ f\m*J j>aj VI ^1 j jl 


^j]l A*<i 3 Vi<a\l AjI-Ij jljic- ^^ic- (JjLuj^I (J^ ■ >i.a (_gj| 1 'Nj>M (_£• -lie- 

.(14-8) lMI tA<ilii,a\l lift (Jjla Aj (Jjlall (J^juusj tlgj (J,aViu 


0 


256000 


■X 

~o 


■- * >-■ .. •■ -ijUu 


300040 


M** 420940 


880000 

1024000 
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Jji t'l'iMl aJa 1 ^oisLLs 


^gJiajaia ^al la-1 > (3^ 111 

(_),.alxll] (A*v\l 0 Cy 6 Li '* 1,1 '* M ' 1 ^ Jjjlic. ^AaJLuLj 

^jl j. i»\1 ^31 (Vsl-i i<a\l 4 jIAj (jl_jic.) (^Loj^I (_L ■ ^ (_g j'i'vo 4il_Aal £a 

j-aS/l JjLa to^jSlA]! (J-aljtJiJ ^ye>\ (_£1 Aiil) liAji lil 5lfLa .o^jSIaI] 4JLujj] (_Jj3 

; juiii (Jjs aJUII diljJaaJI <j-« aj^/ 4ili t (Load 345) 

(<jbiaJ]) ?(limit) ^lLIaII JjL (>» 345 Ja • 

trap: address ) u'j-^' uW J-*-A' J -**?-*-> 4_Aa.VI'\' • 

.(error 

4il_Aalj liLLj ^gJLka. (jl^ic- i.a\l (Jj-s n,i V LiL^H eiulS I a] • 

; j-aVt A^a.'i-y’ni.n (_£AJ! (_jl^ixi] (_jjjLoiV1 J^uus (_gj)1*v.a 

Load (123+16000) 

.(15-8) Jlill ti .jSlil! Jj cUj. ^ 

j-4 J5 ( _ s lc- s5tc.l CjIjL-v\I lJA AjV 4ji oAA l_)jjc- 

. AjjjlSl s-Uaj! i— Ujouj Lus ojSIaJ! 



MMU 


■L5+^- J! u' +*3' :(15-8) j»aj 


(216) 
































Jji .'.'iMl aJa 1 ^oisLLs 


(Logical addresses ) JjjUxJ! .8.11 

4 i\S. AiJjj j^uajt-lSl 1 g .>»» ) ^ilsu-sus L5li. ^ya ojSliil (jj£uj 

physical ) LiLai C 5 ^-^) ^ UU" u'j-^' cs^-^ j>^ j^f- 

^a\ j-J'j 1—,ojSIUI l^ a ^sCl joij (jjjLiJ! oi-A t ((addresses 

£>4a .((virtual addresses) (jjjU& UUa.i Lr ^) kisLi* jjjUc- 

179) ^ 5_jL^_j jl 4—1 i\ >«Ln JLjJjjj ^)3_b-aJI (j-a Ijl£) (jjjLisdl 

.(16-8) <p£* 


000 

600 

AllaLall UIaj 621 
622 

623 

624 

625 

797 

798 

799 

A^laLdl Ul^j 800 







... 

75 

... 






... 







000 

001 

002 

003 

004 

176 

177 

178 

179 


.4-iLifl^JI (jjjliaJ! j 4-i.fl3aLa.Ii (jjjLiaJI ^16 _ 8) cJ^-^ 


Memory ) Sjta] ^ < 3 ^ ^ (JljjaJI 

.(Management Unit (MMU) 

? (MMU) s'jSIill s.jbj ^ U .8.11.1 
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2.1» t'l'nll aJa 1 ^oisLLs 


(jjjliaJI J ^41jt2lj (2ljC.) jjiu-a (jc- 

^tila-all ^ dujkj ‘4 jl 4 -n (jjjUc- ^la-ail 1 g <aAaJimJ <^21 42Llai2! 

^S_j (jljjal! ^/l2a) MMU c 5-^) ( _ s Al»i2l 4jljjc- (JLoi^lj J ^la-alli 4c2i ^»2 <- 'l t*\ 
(jljj*JI) o'jSlill <iui jj J) cs il»i21 MMU fjM 1 ‘(346 

-§) l^JtSj-a ^ _jAj ^41-*-2] 4-aji*-a]l (Jj-£Vl3 t((4346 

.(15 

(jjLaiS/i 2 > » « * .8.11.2 

2>*«-a Lg .A t .i.Lj (Ja. ■ ^ ^ ^2-^ j_j 1 j.'lC. < XjJaj (Jxaaj Aic- 

^ MMU ^u -ikluu J^ouJI I^a ‘(base register) o^Vl 

.2j2 (4^1 jVt UUaJ ^j-axuj) 


^ AaJLuij j ‘621 jA <_>2uiVI 2 'V M ' a (_S(j jSjjoi ‘(16-8) cJ^-41 C5^ 512a 

.2jJ 4 'i^-a; 0 ! MMU 12 .179 (_s^J _jL*a (j-a 4 is 3-» i-all (jjjli*ll ^la-ail 

_(_jjjLuj'^I 2^ ‘ (_£jia-a ^aUi <21 ^aa-aj 


• 4 ^ Un 


t—laJI 2?~ ‘ 0 A (^jlj ^>2-<2l (_j»a wall (jl^iaJI • 

t — laJI 2r * ..I VI 2> ■ a>a jjj (_jj Lai*iM 2>»«* d>-a i ^ 2'^" (jl_?- 1 *-^ * 

jjljic. ^yia j 2^121 2 > “' A 4-aa3 42ajS (_£jLaij (_^2I ^al-« <21 2 a • 

.•A^l_jj ^21 2> ‘ “ A Cy* 2at U ‘2>) (^j^aLa (jljic- ^)j£i (jV y^j'Vt^Ti 

^aa-j (16-8) 2^*22 4222211 dyjl^tll £-° 4 4liu\l ^jjjLial! 

(jjiiil ^SjS'vll ^jljjal! (_^jLmJ a,W ’umj ( _ 5 2aLa]l 621 

_2j_J ;s 2l 4 iLan MMU f»_jSJ <—ijS 42121 4j!LaS/l 

(5-8)Jl^ 

;4 44-n 42121 4j2ai21 (jjjliall 2_?^ *■ 2£ ‘(15-8) 2^42 


(218) 






















Jji t'l'iMl aJa 1 ^oisLLs 


4 • 

177 • 


200 • 
J=JI 

J > (j t M J (621) J > > « ■« (_g j~K <a (jl JL=>i (15-8) <j-« 

£-a 4_jHaxall *LijULaJ IVIMU ^j)^J >« .(179) 4_alxLa]l (Jj-la (Jj 

I (J^ ■ »<■« (_gj) ~i*\.a 4jjl_aial_] ClljlS lil_3 t.'i *s\l (J^ ■»'■« (_gj) ‘i's.a 

4 ~N n ill (jj£lLui 4_iic-j ^r~n ^gAlaxaJI 

625 = 621 + 4 • 


798 = 621 + 177 • 


.AaJI jJ-Vtuo (_g jl^-a (j-a ^)j£i «)-■'.41 (jljjutl! t 


■ . ~— n v 


( 6 - 8 ) 


;4 iqJ-a~i4„ll.'lll 4_iliaaJI (jjjliaJI (Jja. 


625 • 
798 • 


1000 • 

L-aS tilJjj ‘■^ ilaia 4jc. ^r~n (j-a (JjjLoiVI (_]•> ■ um ^j'q Un 


4 = 621- 625 


177 = 621- 798 • 


(219) 















Jjj t'inll aJa 1 ^oisLLs 


,(4_jla*Jl Aa. ^jld. ( _ 5 iiLJI Uad) 279 = 621 — 1000 • 

(Paging) c Aai^al b s.8.12 

|(jli y)J jdiS j2l l.i<a*.a3 Ijj 4jl Jaa.!iU 

.4j 4 LoVil jjjS £-1^)3 e-J>a. c£ *•. 2Jaj; • 

.kfrlLLal! ^>-y ~v jj£l dliij 1.1a. 4 nkn (jjS'n« kkLio]! • 

A liAt'i jL. . ><j,■ a3 y)*a jllLi (_£,2! (-Juaaill (j-a oj i» ..-i 4_jjJ)a. lil • 

IdA (j-a 4_jj\)-».a\l 4_jjJ)^JI 4-jljj 4 ju to jSIULl (_£4]l c-jaJI £->a ('OS) 

^la-daLaiS jd.) l5-0^ JjVI a-JjaJI Lilli jLaS^ £-j^^>]! L)4 j1j a-JjaJI 

dlfr 14 -v t>il j i>jji.^ij pllaul i— UjolIi La-a Oj>a (JjdjJ 

.S-OVI 1 j4jlS 1 jjllLi jJjJ i_-lL-2l (j^ajil! £o (J-alstOI 

,j£ai La ^o (J-al*L]l (Jjisj) ^-1 Wu«<a\t j43J (_Jj4±i!I ^ >al ~\'i jA (jjl liA 1 ‘AlA 

(jj_Sj (jl (_gjj t>ill (j_o (JjjjO (_5^) ojSIdllj 4_c-jli 4^1 —uiA (_ 5 1 (j_o o^liLuj'^lj i(dlJ4 
(oXln 1~s 4_La _j-ijiS <ij)- 2 t jl ^2-i j4ll <_(S (JxaaLi] 4-jSlS 0 jSlLl! ^gi 4 ~sl~i.aU <a.Lui-a]l 

.Cl )KL/lll alAaliml Jail j 

.8.12.1 

c" A ~v q i.s-1 ^g-a—juiJ ^_2aaJI ^g_3 kjjl uillo 0 jj* t-a plj>_a.l 1] ^-°1 1^)2! >«3l 

^ >*v\ kljLamoj) -> >*v" ^g-3 4-jjl_t.a~.lo oj t» t^i Jjial—La ^g-I] 0 jSlUl ^ >«q1j ‘(pages) 

t 4aai-a<a <jj jiL ^glc. 1 jii jUaj JS jjSj ciuaj .(frames) Clll jllal ^g.o.aal (4 J vL^»\l 

.(2-9) J2i 

V)j iSjSlULl jl—3 jLJal (j ^g-Jj ^Lia-Ltuii i4a»jLi-a (j 44_*J ^“l—i^)J ,1 iqVl\ 

_4_j^jAlJa 0 jSli ^gl] ^Liadui 


CiUit-all 0jSli ^gi Internal fragmentation yO < 2^0 j, Liii 43 

>mVum Lijli t 1 10kb ^ -a>'t ^-“2^ liidl (jl-Sj 4kb ^><^>11 ^ >••> (jLS lij !>liLa 

;^glLlSl£ 


(220) 





























t'liMl ->h i ^oisLLs 


JM 27 yJ) u\' ‘2 <*5121 110/4 = 27 

4jujl Ig ■<>>••> 4 (jl LaJj) ^ 1 g » >>ij jl-i >.ol3 2kb j ^-92^)21 (j-a 

t(2kb ^ <a >-> £•!ji Uj 2 jjfLj ka^L-a (_gi 2kb j yil2l <jli 

.ejj^VI 4_iiu^a]l 2kb 4 ^glib pl^)3 ^-92^)2] kajL-a 28 c5-^! ^b'NUM 

djlskiL^J! <_gi jjjlldl ^ 12.2 

* (jjj jjj j-9 oil'j| j_u 2I jj£jj 

_(<aJL-£2! ^»3j) 4^s2u*all jf^jc. • 

.(offset kaJ j^l) 4_a2^2l J^b kjlaJI jlj-ic. • 



^Si\ 

P 

d 


.^ yflialal l tjljj*JI :(1 7-8) ^J 

yb kjlaw Jjl <jV) 21 ^j kjlaJI liji ^^aij b$i id=20 j ‘p=7 U 1 ^ bla 

.4juL 2I 4_aiu*a]lj (jii-a _jA 1^-93 j 4_ajbi2l 


;LaA jj*S > M j/S 9j9-N.ll jljjxJI jjSijjj 


.SjSbll 4_aJL_a]l 4j (jjpj jUa^H jljic- • 

.(*LaJ jVI) jUa^l yf^b kjlaJI jl^ic- • 
(jjjliaJI (hardware) jW-j & yr^=- J! yjk » u2 l jl jj*ll Jjj=2 <± U& 

ojl& 4_iLaC- Juiu .ej£b2 IgJLaij) yjj3 4 iSiS-n. c5-^! ^2b-2l j-9 <2 kl2l 

.Cil ~vqx^-ill (Jj!.i^ ^glc. 
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Jji t'l'iMl aJa 1 ^oisLLs 



U 1 :(18-8) 

4 (J^.1^ 4_jLiJI (jl£-«sj 4_sjL<aII ^cJljoa]l ^.AaJLuiJ ‘(18-8) <_gi 

(_j-a ojSIUIj 4 4_j Cluti-iaj (_ g'A\ jUa'iM ^aSj (jc- CllaJL j)\ g >11 ;(4_^l j^l) 

^il! jUa^l ^»3j ^gJj 4_j (Jj-aj (_jjj^)^ 3 4 (jl^ic. (JIaj c"))^ td'1 (JjAa. 

n;4 4^1 jUa^l ^c-aAj .oj£!iJ! ^ 4_aJL<a!il 4_j 

i. , 'iU^^ill ^ijj ( _ s -ic- (JjAaJI (_5jlaj i"n-N.i 4_ilac- JS1 i" \\ •s.q ..o JjAa. <^Luu! 

La£ ‘tl)laiu«a]l oi& l^-lS Clutjkiaj tllljlla'^! ^alijjij o^jSIULj Ig \j.aVi C5-^ 

.(i9-8) a^i 
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Jji t'l'iMl aJa 1 ^oisLLs 


page 0 


page 1 


page 2 


page 3 
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page 0 


page 2 


page 1 


page 3 




CjjLxQx^a]' ClA-^i-k-sa] I [^ 19 _ 8 ) ci^-^ 

(7-8) J^ 

;((5-9) JiiU 4 ]<j l'q-\ (jjjlic. 4_ialala]l (J^a. 


2 

10 

1 

0 

3 

3 

0 

7 


JaJI 

^2^>J 4-3^j2mjj Cll <Jj^ (j-a 4_aJu<a]l 4_j jUa'^l (_jfr i"la-lL-j 

; t _^L La£ 4 iqiq-vll (jjjLi*JI ^jj£j3 Lafi 4_^lj>*J! ^jJajj) 4^»JL-a]l 


3 

10 

4 

0 

7 

3 

1 

7 


( 8 - 8 ) 
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Jji t'liMl ->h i ^oisLLs 


oCA C^ljlj idltaJu-ra]! jli {^jW CjUlull ^j+ajJ ^lli]! JSjoJI 

!4lLa 4 Vl)»< <La_ji*-a 4i^>*-a liA i_lj\)-a.al' /o^jSIcJIj Cl )\ -->^<-41 

? ojSIcILj C^jj (jjl a <— 

JaJI 

(_iik!c 4jli. (Jj! ^^3 A^jJj ^(^jiL-aa ^a£j) ^jVI 'CsJcusall C^jj a L_a^pJI 

(JjC^. (j-a jUa^H ^»3j 4 ^jVnw t ( j^L^i=A^.\ j^j\ j 4_2>jL-ai]l 

(JA-aail t4 m-a-N ^3j jllaVI C^jli ^)ii-a ^Sj 4 (ji . W 1m Cia Cl)1 

;4^lj)VI 4_JI 1 1 u>» ij (4) 4 (Jjia jUaVl t_Jj+aj o^jCliljLa <La_ji*-al] 

5 x 4 + 0 = 20 

.a ^glc- t_gj~i~s j o^SIcJIj 20 <jl jj*ll u 

2 jUaVLj Cajli 3 4 ^3 ^3j s3 ^iij 4_a4>-£i]! !iliLa p i—S^p4l LCaji 

;4_Jllll 4 n\,a» \1 u? J ~^lm ojSIcllj p (jl£ua 4ij*-aJ t(l" )1 ••>^■^->1' (Jj-Ha. (j-a) 

2x4 + 3 =11 

/oj£!c]Ij p <-_S^p4! (jlS-a 11 -+-jj 


(224) 













Jji C'iMl aJa 1 ^oisLLs 
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20 
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d 

24 

e 

f 

g 

h 

28 



jJ* 


t djl.^x^ali (Jj.1^. a]1_j CilLskflj^a] (JllLo |^20“8) cJ^-^ 


(9-8) Ji. 

^jL^a_j-a LaS <£.1^)3 CllljUaj C~ '1 **>^.^1 4 Cy* (jjSli] ^ ll-ac- (_£.}] q\£, lil 

.SjSljdb 4 i\,a» \l (JjAaj C*j Cl \\ (JjCik (^j-Clij t(JS.>.'4lj 


(225) 




























Jji O'iMl aJa 1 ^oisLLs 
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^ 1 g Ij/aVi Aj^>j oAjA^. 4jl,ac. ;(21-8) 
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.SjSljlllj AjLac. (Juiaj ;(22-8) ijl4u 


SjSlill 4 jU^. .8.12.3 
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Jji t'l'iMl aJa 1 ^oisLLs 


4jla. • 4 m.a 4 )\,ac. ^j 4'ittJ < 2 ki>-a (ji i—SjC-l a_L}£ 

4_ajL_*a]l ^g.diVi Ja 4jlaJI oiA JAaj d l)~s.1 l-l^J jUal (_]£ ^ (bit) 

^g-aljj a -sq^U jjl l^a (valid) cs-^j v djJI ‘Uua dul£ lili y 4jU»\\ 
V (jij l^a 4(in-valid) i L "'d' “Uus diil£ lil L«l t4_iLa*ll 

.(23-8) <^3 LaSi d )\ •vL.-ali (Jj-laJ 4_)Laa. ^^-ac- dill iA (jj£j ,4_ila*i] ^diVi 
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page 2 


page 3 
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page 5 


.Cldad-dl dj.la. JI c ol ■ >»j <jLaaJ! ^^ac- ;^23-8) 

cs^'j 0,1,2,3,4,5 cs^ a^p^A I cjUix-all J (23-8) J^dd' c> 

^jjc- 5,7 *•")1Lai idllaJu^all djAa. ^gi v t$-®Lai AaJ dllil t Jjuidl Ji 3Vi 

. Ju*a JdaVI ^»3j (_s^J i IaLoI Aau ddi] A 


Shared Pages JLidl diLuLaJI .8.12.4 

jjSjiil oJIaII Ji ASjlda dii 3^c- Sac. (jjj <^jldldl dii •vLJl (_!*-?■ jSdj 

<lLaC- (_JS1 d ll J sLJI oAA Ja A -y mi ^daj Ja L/Ai 3 4 *dij))j oJIaILj <a.Luus 
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Jji t'l'iMl aJa 1 ^oisLLs 


4 )\,ac. (JS <_ 5 ^^ i." \\ Lai ^iJllLiLaaJI (jjj LS jjjIxi l g \» -n jj o^lj 4_a_uU 

_<S^)!Lui-a jjc- (_j_j£o3 


Shared code jLldl ejljLidl .8.12.4.1 


.ellLaa.j!La]l i j^alll jja-a (JlLa dlllLa*]! JS] JaS3 o^l^jall o-laJj 4 -L>m3 


logical ( _ 5 Alala]l (jl^iaJI (jLa-a ^ (jt£4l (jji^j (jj£d U *•. '>] 4£jlk!La3l O j )iuj]l 

4_jLLL> ed u'jjE’ ^4 (24-8) l&4J' ^L> ^CjLWSI J£3 address space 

.(3‘4‘6) eiiUWSI 

Private code and data ^4-=4' c^LLdlj oljL4l .8.14.4.2 


.IgjdLlJj 4li^aiLa 4 -vumi l§-4 (jj-^J 4jlac. (J£ 


(jlSLa (_^l (jjSl) (ji (jfLaJ 4 >4 -S. CjLllJj Clll^jLui (^g^ll CllLsJu-sall 

u' -4^ (24-8) ^ ^ ‘logical address spacecs^d' <j' 

.(pl=l, p3=2, p2=7) <-^>UJI 14^44 *• jljit 41a& J£] 


3 

4 
6 

1 

page table 
for P, 


3 

4 
6 
2 

page table 
forPj 

process P., 


ed 1 


ed 2 


ed 3 


data 3 


ed 1 


ed 2 


ed 3 


data 1 


process P. 


ed 1 


ed 2 


ed 3 


data 2 


process P 2 


3 

4 
6 
7 

page table 
for P 2 


0 


t 

data 1 

2 

data 3 

3 

ed 1 

4 

ed 2 

5 


6 

ed 3 

7 

data 2 

8 


9 


10 


11 
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(J)X ^)Vl 


\\ A£^)lLu!ui claL^ij-ia ;(24-8) 

( segementation ) . 8.13 

^n«Vn i" n~\ ojiai ^c-Jj ojSli]! “UL^jia j& 

^JaLa Jlj.21 t^JaLa ^ (jjfL) ^g-aai<iajstLa pljp.1 (_gJj 

JiSA j ijil ^JaLa ^ CllliUJIj 

t4 i)»/a <11.} t^gjoijj^)]l ^c-alj^)!!! (JlLa <aiilxLa oA^j ^JaLall ; 

t(stack) (_>a.}5Lall t4 ..-ll ~v\l j <Lal*JI dl! j )J*lLa]l 


-8) (JSjoJI i'ojSljlllj <jli. ^ ^laLa JS ^i-iaj ^JalLa ^OjoiSJ -}*J 


.(25 





( I^2lLJ_U zj £=*\ jJ!) 


i jJ 1 


0alj^)j]l ^JalLs (JlaVi :(25-8) 


^ <jjjU*J' .8.13.1 

segment-) kaJjVI j t ^lVq .a l l j ; <_> C5 ikia]l <jl>i*ll <jj£ij 

.(offsetmumber 
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Jji t'l'iMl ala 1 ^oisLLs 


al^aJlml (jl^iall (jjj (JjjaJill 4_lLaC- ^jj 

(J^ ■ J o^)Sli]l ^JaLall 4 jI.1j (_jjLojVI (J'Ntu.a ) l" n*\ (_jjLuj! 

(JS] Jjlallj (JjjLujVI Cll!>L^ui-a £^ajJ .(limit) (* Jjla cs lc- Jjlal' 

Jj^a. ^UUa ciua. c(segemet table) Jj-^ LS ^i -^'j Jj-^- ^ ^laULall 

_4_jiac. ^Jalia 


La£ (J-aaj ^ vil'i'v ^ )'ili'i.a (_j-a (jjjliaJI 4_iLa*J jl^a. tilll ift 


/nr o\ («■ Ml 



(9-8) JH. 


(jl£-a ^JalLall (Jj-la. (jjJJj t^lalia 5 (j-a UJ^® ^-k^ajJ (27 - 8) (J£aji3l 

< 4 jjuUJ j ) 3 I ojSIULj ^Jai-a J£ 
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Jjj I'inll aJa 1 ^oisLLs 



limit 

base 

1000 

1400 

400 

6300 

400 

4300 

1100 

3200 

1000 

4700 


1400 

2400 


3200 


4300 

4700 


5700 

6300 

6700 


segment 0 


segment 3 


segment 2 


segment 4 


segment 1 


< -il j-lLi j-Lil-li'i 


(J ( xJal_Lo] (Jlii-o ;( 27 - 8 ) cJ^-^ 




c^! cs^' cs^=^' 



.20 ^J 4jsJ jVI 0 ^J < ^12 1 (_j-a “La^jLt-a Jjjl ^jjS ^iat) li& 

(JaJI 

.1400 ls^j 20 2^41 (_jjjLai'S/1 j a. jai ^ <Lai9 (_jc- ^JalLall (^3 c"t J sJ • 

l\l ? (1000 l>° 20 J* l5^) 2^-uws ^ 3^1 jVI <aj 3 jjla • 

^3 1 Ivy 1.411 ift (jjSjjul V]j (Jj2«Ji]lj ^j£lLul3 ^JU <jl2kVl ClijlS 
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Jji t'l'iMl ->h i ^oisLLs 


l^\ 4-i.lj)Vl + (jaiuiVI [_]?- ■ ha (_g(jj£jjui ajii-N.ll (jljJuJI (jjl • 

1420 =20+1400 

(10-8) J4a 

; ^qj'q-v 


0 


1001 


lM 

J400 ^JaLal] (JjjLujS/ 1 (_)> >u<a • 

1000 J* ^laLall (JjJall ( Ja-mx • 

(JjUl (J-n ■ a-a (j-a ^)j£i 4-^1 j^\ j_jl Aaj ‘dljjVl £-a (JjJal! (J-n ■ aa 4-jjlLa Aic. • 
.(^glaLi. Jja^aj) ^JaLall ^jld (jjSim Ijji ^gj*.) l^A j 

_Ua^. (jl^ic- IjlA Jjjdi »jWn.n Uji (_5-UtJ I^A 


d^.8.14 

^Aj ojSIUI dljta) ^1 jji (js. j i'oj£li]l ejtal UiIaaS aJ_21 11 a Uii^j 
j nan Cll j-v ^ 'Ua - '\lj dl-va ^11 j 4 j^j-alij2l 4_jjJ)di]lj 4_lA!i]l 4_pJ>di]l 
V 4_iiil.i dl&lji Jjj 4julii]l 4_}jJ>dillj tLillak *La.AdLuua jjc-j “LajJlii e^SljJI 

\ g ~t3-i» d ^jAa) 4_i^jld *—4.C-1^)9 4 i jj| 4_i)J>di]l Jjli LaiiJ (jl g La a A almVI (j^-aj 
Clli^. a^jjtaj£UI dlc-l^jS (j-a o^lilmVI (_gi Jlc-Luii ^a. d<\1 j aj£UI ,1^-la ajlalui^yU 
^gll 4_ila*JI t -.n«Vi\ a jl J jA ^JaaJI /ajitxa aj i» dlc-ljil (_gi dll ~\q..o Jxad (j£*aj 
^A ^j-aJaxa]! (jlj i« 11 (jl 1 W >>ij Idajl /ajSljVl (j-a a-J^. (_gi ^laLa J£ ^duj ^laULa 

.4_i+q-v (jjjl_ic. aj£14Jl ^.*iVi >«1 1_allJ ^c-al^^-Jlj ^21_*-a]l 4^a,^-y~i, mil ^Ul (jlj jail 

aj£l.iH ^aauj Laj9 4j_juUJ j >]1 a^)£liJl ^-v-n (_j-a ^>j£I ^c-al^jJ -4^ ■‘dl^-al <jc- 

_4j^)AlJaJl 
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Jji t'l'iMl aJa 1 ^oisLLs 


^ j^ lh .8.15 

:^U]| (segment table) <j^ .1 


(limit) J 

(base) 

^JaLall 

600 

300 

0 

20 

7000 

1 

300 

0 

2 

6000 

1000 

3 

100 

900 

4 


; 4 is iq-y (jjjUc. 4 i'q)Vi.a'l (jjjliatll (Jj-^ 


• 0, 500 

• 1 , 10 
• 2, 500 


• 3, 2400 

• 4,99 


V 4_l^jl_i. CjI&IjS .la.jj (_J& ^ j x>ijj £-4 OjSli]! (JSjui 


:lW! 
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Jji t'l'iMl aJa 1 ^oisLLs 


0,500 

-► 800 

1, 10 

-► 7010 

2, 500 

-* 

3,2400 

-► 3400 

4, 99 

-► 999 


3* .1=21) J^la jifsi 500 <j7 7 2,500 cs^=“ a!I 

.(300 



.^jla. ^tj3 la.jj V 4j! l*j oJa&i l£22' c> 


4.1^1^ jjc. jjjUj .8.16 

? oj£!.2! tjbl <_sll&i (j-«s 4 .uxa-y 
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Jji t'l'iMl aJa 1 ^oisLLs 


? ^aLi‘<.41 (jjj La .2 

? ^JjJajJ £-a ( ^l^-a]l J.l*j K>«,a ,3 

(JS L_SjJC. <_s^La j ? <j£xaUj^ll oj£!L]lj <Lijlii]l AjjJpJllj O^IL]! (jjj La .4 

? Laj tllLc.I(^gALa .5 

Liu S jS! ill dlljljj (_y a (_5^ (jili) £-a LaA^)£i] Clslc.1 ^)i]l (_j-a (jjc-jj tillliA ,6 

? 1 A£ ilJ Laj ?lg-La oA^lj (JS 

4_jLa) (j-a tillliA (jj^-J 4 ~v )-y >^»\l 1/4 _jL^,VI (Jj^ o^pl-S .7 

;aj£li]! 4j L-lc-^ ^ La .7.1 

Ajujjjj • 
ojjjS • 



a^jUaLa • 

ojjllaia JA£- • 

;4_1Li]I a.lj^.S/1 <AujLa liiJll ,jl£ lil ,7.2 
600 ‘300 ‘200 ‘500 ‘100 

;l^_j3 ■LlLi]! CllLlLaaJI (Jj,aVi U^jij 


Pl=5, p2=100, p3=300, p4=500, p5=200, P6=600 

: u\i 


ff JJ^' j kmuu P6 • 
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Jji C'iMl aJa 1 ^oisLLs 


ifof (■ LuijVI Alj^ia csi P6 • 

wf ijjaiV' 4jLjl> j)ViVn« P6 • 


; C5 -<uaij C5 iii=». (jljjc. J] ^OVul l (jljjJ! JjjaJL .7.3 


CPU • 
MPU • 
MMU • 
MNU • 


‘100K *v ) (JjSH c4_iiiJc CjI&!j3 3 l5-^ .7.4 

l.ale, t 300K ^g• a >**> 4_lLsC- (JiaVi ^li£^aJ (J^.3 tHOK ^-a>*v C'lH’ill £-l^)iIlj t90K 

.300K uSj^-} djltljaJI oi& (ju 


.Ja*_Ca]l ClLaAaliml lil t^a_i • 
.Clllc-I ^)i]! !•»»£_llalLuj! V (j£i-aj V • 

.iLi jliUVI • 


.Ikk jUjUV' • 


Ajli i 3 K 42>^-a]l u^j 100 K ^ •*>>**> UjcJ (jlS lil 

;Ujj 3 * *i 


.7.5 


aJJ^Sn <aaL-flJI ^ £3 j2 <jj.l) bsjLa 33 O 

Sjji^Vl 4_a*L-s=JI *La*Ai-a 34 O 

4_aJu<a]l 4 -vSi^ 33 O 

SjjikSM <2>Ju<a]l ^^3 £3^)9 (jjAJ 4 34 O 


(236) 


























Jji t'l'iMl aJa 1 ^oisLLs 


(4 ‘ilal ~n\| ^j~v >^i'i £a) ^ ji ^-ajj i-_ l-yi .8 

(jjjLiaeJI l^lji ^j 4 ^a ^Aaiaball ^-4^^ (J-alxi] • 

.1^2]ai_L-a (j^aJ V 4_iia.l.}]l ijjlc. 1 ^)A]I • 

CjIc-!j3 -4jj 4iUiJI 4 j jaJiil Laiu 4_iia.ta dllc-lj3 4 j < sj,aljj4]l 4jjaJi]l • 

.4_ia>jla. 


_4_ili 4iluiS/i (_5^c. t-l>S ‘(28-8) £■ .9 


0 

256000 

300040 

420940 

880000 

1024000 


operating 

system 


process 


process 


process 


300040 


base 


120900 


limit 


;( 28 - 8 ) j 

CS J& (_5j1vj Jjla]l J >nj -aj ‘300040 C 5 ^- l 5J^H ,ji (jialj-ialj 

.4^1 JLS1I laS, (-120900 

;4 iq )ij-\ 4.J12]! 4ualiLa]l 


1115 ‘121 ‘123456 
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Jji t'l'iMl aJa 1 ^oisLLs 


;4_jaIaLa 4_l]Li]l 4 iq iq-v U (jjjlistl! 

400040 ‘300039 ‘300040 

? d \\ •vL.al' jA La # 1 0 

Clll ojSliilj d \\ (JxaaCl (j£La! ^jdajlij olicl ^aui^l (J-aSi _ 1 1 

d \\ ^Lal y d )1 (JjAa. ^ 4 ~v ..o jjiJI (j-a 4 ~s i-y 

? 4-\ jjiJI d \\ ^»Lai i j 4 -vi-s 


00000 


10,468 

12,287 


page 0 


page 1 


page 2 


page 3 


page 4 


page 5 


frame number v 

0 

1 

2 

3 

4 

5 

6 
7 


, valid-invalid bit 


2 


3 


4 


7 


8 


9 


0 


0 



page table 












• 

• 

• 

page n 
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■jXjuoUiii c_>uii 

2LjjAUill 0jSlil! 


(239) 







t'l'iMl ~oisLLj 


(240) 






Jji AY'll I aJa 1 ^oisLLs 


£Ui 


.1211 caU! 


(Virtual Memory) 4jj»Uill SjSloll 


cr^L*ll J .9.1 

Aj^ o.IjSn Ajjj Cp> o^Ia]! j^gla (JjSj d\ j nma-vll ^ 

^jLuU jl (J^l (jl 1.1 >j L9^ (j' ls-^S 1-^-* jl ^ (jj2j <j' O'® 

l^jSu aj A] taj j)^\l ^^.9 4j£dus oAA j nan .(4_c-jlil!) ojS j ~ixa\l ojSIaJI 

£c-a!j-J (JjJL-AaJ ^lldd V Liil ^ ixj tAA /ojSIaJI (j-a ^>jSI Ig-ayy (J-la-Auj 

^c-alj^yj (_J2 Ajillj a j i» Ig -aJxd Uyi ^xa-a. 31 ajJJiS £t-a!.ajSlAlla a^jjiiS 

(j-a Aj!ili ^)Aj£ ^c-aLi^ya <L*_All) /ojSIaJLj ^c-alj^ (j-a jliSi (_1 txa-v~t (j^-aj A] caAa. ^glc- 

4<I ^jujjj ajSlA f-ljjoi 

.4ilfLa (jjSojui • 

. ^>i£J tilll i& ^jjSlui ajjj2 ojSIaJ! dul£ Lag-a • 


3U-ij aas t(virtual rnemory) d^Uall aj2i.il] ^viui aAAstia a. Lad <jl]l ia 

dll .aK t4_iA& j]l aj2lill jS 4_iILi2! aj2lill jl 4_i_dljj3Vl a^)2li]l l gjlc. 

_A^lj ^iaoa] 


4_j^)Aliall .9.2 

^l«l2Lal£ L-ll-j^all ^ ‘’n.wll (Jjjt_jou]l ^a—Isu 

d \l its I a)) Ajjuaj^l aj2!i]l ^t-aL^jJ! Cy* pjp. (J^*^) .4 imn^]l 

(j-aj2]! (j-a a j^. ^5-3 (J>aaJi alj>d t^Wj (^ )*« llj]' SjSlill ^_gk !iLal2 4 ]),aVi] 

4 jad^ll aj2lil] IaIaIaI i. l\ (j^ajill (j-a ajy^ll li& j m i <JLaJI oAA .L_lL-a]l 
^^aLj^ji]! ^-> -v ~s Jald^jl 4 \^ >«.a c" l\~y AS ^xlaill oAA (jj^j tA^Jj 4j^)ALla]l ojSIaII ^g-ajujJj 

.4_um.u^)]I ojSIaII (j-a o^jILall 4 ~sl jolaII ) 


(241) 
















Jiar .'.'iMl aJa i ^oisLLs 


J C5^l li]j tajSliilj (_gi ^la-all 1-llJ 

(jjlj)_aJI (JjA jlj o^jSliJ! joi .Sj_^_ja]I) f.Jj_a2! (j_xa djl_jl_u 

.(swap) 


Swapping ^- 4 ^' . 9.3 

ji ^gJI 4 uun^II ^ya (4_L<s J ) (Jj_jau <_gA 4 _I.sLiaJI 

;La& t(l-9) (_]£jIi]I t ls-^ - ^J-^- 4 ^ ^»jj .(j«^»II 

.(swap out) o 3 j^' <4! ®j^' c> (^ «■ Jp- j') 5-^j2l • 

.(swap in)»j£'^' <4! o 3 c> (^ «■ j') j^' c4*^ • 



main memory 


.SJJja]! :(l-9) ^j 


.9.4 

4_jajiaJI 4 ^.*iVnM.a\l ojSli (jjj (J^a3 ‘Li^j&Uall oj£!.l]! ^)±iaj 

(_ji 4_iajaaJI (jc. <■ allajj 

.sjSliilj (jj^j l>^ o 

.^gjLaaJI (jljiatl! JLa-a (j-a ^gSJalall (jljiaJI JLa-a (jj£L) O 
-( jjjUc. JLa-a j_gi d3jl_uij]l d)l ;\.ac. o.laJ O 


; 4jj&UaJI Jjijlaj (_j£uiJ 
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Jji t'l'iMl aJa 1 ^oisLLs 


.ClAa^ij-allj Sjljl o 

-( xJalLallj oj£!i]! ejla] o 

dll^ij^all ^ Aj^&Ual! 0^)^1111 .9.5 

^j ^llisJ (_ji$ o^jSIcJIj dlljLla'^l (_5 jLuli ji Jsi C)1 (jlS lil 

^ja ^)j£i *•"'' ClljlS lil <J^>&lIa]l ojSlil] ^lliaj (j£]j .^jjAlJa ojSlj 

8 (_gJj <AuiLa ojSli]! (jS AaJ (2-9) ^2 ^AIa .ojSlillj o^jSjIa]! djIjUaVl 

(_ja ojSliilj Cl )\ § i-AW ift (jjSj-ui .<2kL-a J) ^>aSa ^caU^aIIj rdlljUaj 

.(4j^)&U=i ojSIc) L_lL*a]! ^2 (jjSlLui A_ia2lj (X 4-«^C- Ig-aLai) 


Virtual 

address 

space 

60K-64K 
5BK-6CK 
52K-56K 
48K-52K 
44K-48K 
40K 44K 
36K-40K 
32K 36K 
28K-32K 
24K-28K 
20K-24K 
16K-20K 
12K-16K 
8K-12K 
4K-8K 
0K-4K 



Physical 

memory 

address 

28K-32K 

24K-28K 

20K-24K 

16K-20K 

12K-16K 

8K-12K 

4K-8K 

}y 0K-4K 

% 

s 


Page frame 


.CllL^L-sa]! ;(2-9) 
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Jji t'l'iMl aJa 1 ^oisLLs 


;4jj&LlaI! ojSliJl £-a <_faLtlIl 

.ojSliJl ^gJj ^glll 4^»jL«£iI! j)\ >>»•*> I • 


(JjAa. 4jjP-i.a\' 4jj\)-».a\l <a^a]l (jc- i"La-g • 

i_a3jlj c 4 -S.J-V ..o jjc. 4-\L.-->\' Clul5 Iil o 

ajSlLll i i'ajSlLllj dlujj] ClulS lij o 

Ig •^Li'v i La ^gJ! 4 ^)x>a^k \ V • 

(j-a ^^)LLi 4_aJLa^ ^\ Ala.;! ojSlill jj.la Ig.a-lLlaaJ o-lilc. elllxaj)^)'iLliliA 
?(4 i~s >>i\l A (j-afi) 4 j 4_Jjilxa]l 4 ~vL.->'l jli jUa) La Aic- ojSlLl! 

4 (_Ja _j\ S&L ojSlill jj.la ^j'qjn.i t(L$-jliLa ^lAVim') 4 -sL.^i'1 Jj3 

4(j-aja]L j liqVl (jl L- )-N) Ig b.Wi I j! ? ^ 1 g \j-laj .13 l^ilSua al-laJlml llj-all 

.(j-ajiilLj o3j^_j-aJ! 4_aJlj]| Ifrla-uaj ^gjufiiS !g \lA»‘l !i] La! 

(page fault) Lkk . 9 . 5.1 

iLlli L- liui±u> i(4_aiu<a lliis!) ojSlillj ol_ja.j-a jjc- 4 ^-aLj^jj i. lllii La-lic- 

(jl i page fault ^ Uai. iLUUa ,ji Jj£j 4 JLui^>j J^ * . ^ ! ^Uaj j>as 

olajjuall 4 •s.L.al' jjSjj (JjAjuli]! ^»Llaj ^glc- .ajSlillj lAAaj 4 •Ajjj 

;4_iHjJ! eiiljlaaJI L- um^ lAialsl (_sill 


.abort ^ 3 jLj ^ 


e'uuil 4 -\L^»\! eiul 5 lil 


,p jli jlia) C5 ic- Jj^aaJ! o 
jlill jUaV! !La { _g£ 4jj\f>^\! 4_2ki>-aa]l £>-aj O 
^a-iaj jUaV! ^»3 jj 4 ^»3j i" )\ "vL^l! i"nWl o 

.44 
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Jji t'l'iMl ala 1 ^oisLLs 


-vi-y 4^jL*a]l (jl ICA j t y ^glj ^ in , CllJ JjJlaj O 

.page fault Uaa* i. I.IH j-a^l Ajili oClc-j • 



physical 

memory 


? jli jlla! Aaj ^al lij r"' W j liLa 

jli jlla! JjijuLl]! ^llaj Aaj SjSIcILj oC_ja*j^s jjc- *Lai>-a liiila Ijj 

? (_!}»■>«‘l\l allaj t_Jx£J liLa i4_l3 4 i.s*"\ s $ 

4ws) i .jSlil! (j-a 4 ^1 ‘(swap) (J'■\'*'“ 1 ' 4_}la*J ^j'q.n« 

.l^jt^a 4jjlJa-a]l 4 (JLi.il j (4 i-vt.all 4 

(j-a) oj£!.i]Lj Cl \\ (j.a ^ j-y.uu 4 jA j A (JIjjoi )-»i liA 

.^jVlu <ai^a CCaC) CllLlaJjj! ji oic- lililiA ? (4 i-v >>»\l 4 (jj£lLuj 

jUitj ^Caj £-a iClsLiajjl^ill oCA Aa.1 (JjadUll ^Uai ^AjCL-aJ 
lilAj (J^lal! L-U^)!]! cs^ l^a-Liai ^ <LaJu«a ^^)ij 4_iajj!ji Ajjj) 4_iaj j )l_jill jLiiil 

.(page faults cjUi^l ^Uail ccc. J1L 
Page Replacement cjUi^l Jlcckal .9.5.2 
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(J)X ^)Vl 


^ s \ A \\ acl .^qV^ A \ \\^ CllljLla) Cl '1 (Jl 

_4j^)AUa]l 4 jjul 1J j )]I 


I ^ya 

ojSall ^ j 


\A (JIcCLujI 


Clil j)ts 


(j-aja]l ^3 4_^ju*=JI (jc- Cliaui _ 1 
/La. ^ Vi mi jUal Ijj jUaj (_jc- Cl'■>■ ji .2 

Victim 'Cia.jCall jUaVI jLirk^ 4_ix»J)jljV jUal H^,jj ^ lil .3 

.frame 


.4 )-•> >>»\l jUa'lH (j-a 4 4 .4 


.4 jHaVl Jl 4-JjUa.a\l 4 jLCai.j .5 


/" \\ q(J jC*1) _(5 
A 1 1t\ t_m u (_5C]I .lii!) oClc-J .7 


frame valid-invalid bit 




0 

i 

f 

V 






Q ^change 


'to invalid 


© 


page table 


reset page 
table for 
new page 



memory 
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Jji t'l'iMl aJa 1 ^oisLLs 


CjlajL^ali (JlAiijuol CjLlo jj .9.6 

Page Replacement Algorithms 

;l^La C aAaJLoiJ ^glill U<s c*l\l iA 

first come first out ‘(Vji ^ j±j Vjl JijVl) ^1 ja.1 • 

(fifo) 

(optimal cs^l' ^Wj* ^ cs^' ^4^1 j^.1 • 

LRU ^fVn«l (J5Vi 44_LaJj^)l_^ • 

approxmination LRU VOj'j-4 • 

_4c-LuJI • 

-M-ialill • 

page-fault ^jj • 

(JS t4AJ^)la (JS1 (JllLa iA (jjSjjuij JS (_faC- Aib^la (_jc- dlAalilm 

ALaim i _ s lc. c'ovi page faults- Igjl-iia c-ic. L-sLutaj Ll« jjlj^JI 

_i." '1 ^ a, ^11 Cli\ i\L Vmj 

tlgjUn l_ujjj t_ Iua C'il-yq..a\l ^liiji 4 jU£ Cl>laJu*a]l c" A j\3-> Afuilui (jj^Jj 

[Lilllill 4 luifuill ^lllLa 

1, 2,3, 4,1,2, 5,1,2,3, 4,5 

_Ic£aj ^3 ‘2 ‘1 Uil ^Cajli 

(FIFO) ^tlA^li <ajL*a]l .9.6.1 
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Jji dill ala 1 ^oisLLs 


£-a (_faLtlll J .(ojSIdllj 1 g Ij-aVl ^ 4a4>-a ^dii) 4 •vL.-all (JlAlLuil 

^jl o^jSLil! ^gJ] (Jj^aJ ^^lilli il^lj^aj L>“0 S lj - J -^~ SjSlillj o.i_^a.j-all dll 

l" ll -vL-a LLjjJ (jj£L) di 4_jl 4_iajjl_ji2l odA a. lie- .Vjl o^jSIdll (j-a 

oJLal ^adVni.i.a 

(6-9) JH. 

)4 ill ill d ll •vL.-ill dll Ala <Luiluj (_£dl id] 


1,2,3,2,1,5,2,1,6,2,5,6,3,1,3,6,1,2,4,3 

,<C. jli djljlla] 3 1 Ladaduil Id] (page fault) ‘•"ll-s.^.-all l Its ddc. La 

J=2I 


Ig-iS/j 1 ^»3j 4 •sL.all Vji ^Hadui iAi-jli 4j5llill djIjUa^l (jjSlLui 4-ildJl ^_gi 
^Uadui lAd*j i<ii5Li]l (j-a jUal ^ l A nn (4_a4a<a l IrL (Jji) iid_^j-a jjc- 

jUa^l j_gi Lj^iai (^gjlj 4 •vL.o Uaa. L-liuilui La*a od_j^.j-a jjc-) 2 (»3j 4 -sSn-ill 
J] ^ ,d>~\ Um dlldl Ldaji od_^_j^ jjc.) 3 4 ~sL.->ll ^gl] ^I’j-yim lAd*J i^gjLill 

_4_ulLa-a 4j5l!ill djl jilaal j 4 3 jA djlaJu-all Uaa. ddc- .(Lll'fill jilaal 

V) a^jSIdllj ad_j^j-a 1 g K) 1 ^»Sj 4 •vL.-all j 2 4 •vL.all lAdaj ^llajjoi 

dlldl ajSIdlL o^^a._j-a jjc- (^Aj 5 ^3_J 4_ajL-all ^Liadui lAdaj .((4^,Ju-a Uaa. d^jj 
djIjUaVl (jV 4-aJu^a JidjU dj^p Ijji ^glj ‘lilda'^lj IdA t4llaa. dlld 4-nu« 
4 ~sL.all l^jl^-a Jidjj 1 ^3j 4 LS^J 4 -\L.all ^ j-s loi dlldl t4 liLa idL/llill 

lAd*J (_ 5 ^J 2 4-^jj^a]l ^Liajjjj 4 dll 1 Its ddc- uVl ‘5 

ddc ^li-ai) <a4b-<a Uaa. dill iA (Jj5j>« 4 ad_jaKj^s jjc l^j^j 4 1 4 ^lla-Lui 

jdlui Ijl^Aj .^Vl 1-^-jV 1 4 •s.L^ll (jlS-a 2 4js4i«all (jAlLoUjoi j i(^ d >1 *\L.al' »1 Its I 
UrL 14 die. 4 (u^ts i (JSdll ^gi LaS 4..L.a.L.al' 4jl^j (JldjlujVI djLlaC. 

4 
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Jji ,'i'iMl aJa 1 ^oisLLs 


1232152162 5 631361243 


111 2 3 5 16 25 3 162 

22 3 5162 53 1 624 

3 5 1625 31 6 243 

cs^' V*.9.6.2 

<LaUI 1 g21ai (_j] <ajL-all (JIAiLujI 

(7-9) 

\A C~ >1 i" ll jU-a (_£.2 lil 

1 , 2 , 3 , 2 , 1 , 5 , 2 , 1 , 6 , 2 , 5 , 6 , 3 , 1 , 3 , 6 , 1 , 2 , 4,3 
_<C-jla CljljUaj 3 ' La^aJluil lj)j (page fault) ‘•"ll-vL.-all f\ Ir^i .lie. < ^A La 

3 ‘2 ‘1 in cjljUaVI (jjS-Lui 4 jIa2I ^ 

\ i2 *•" d in lAAaj _4_ajL«a 1 Ivv 3 La^ 4c-jlill tllljLla'^l 

i^gAj <5 4_aJu*all n« 1&A*J .4_aJL«a 1 IvL ClljAa. (jjA 1 .ag .aAVnuiOl oj£!a]Lj LaAj 

^ A •vL.all ^j\in 3g ~^5.a I^JLLaIj A (j-a Aj^/ LUaJ ojSIaJL CIluliI 

;^j\inl Igjli (3 4 2 4 1 ( ." ^ O^jSIaIIj (j^l LjAI) llljS Ig 21aj 

j5 A (j n~sL^ A*j Ig 3 ^' u m t A • 

/ajjujlxa 5 A A*J 1 g 2 4 • 

5 ^,>> ij in ii!12 A*jLH (_g£>J (eL)laJL<a 6 Axj 1 g 3 ^ • 

,5 ‘2‘1 •vL.al' ojSIaLj UjaJ (j^l il^jlia 
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Jji C'iMl ala 1 ^oisLLs 


Cs^jSIaILj (_5^J 1 4_ajL-all ^llajjui lAAajj cojSliJlj aA_^^a 2 4 ~vL.a\l ^Li~vlm 
.AxjSH Ig-iV 1 4 ~sL.a\lj l £ Vl£ii■ u lillil o^SlilLj A^jJ V ^lil! 6 4_ajLall ^Li~\lm lAA*J 

(Jail (_Uaj j_jl !a£a j 


12321521625631 3 61243 


111 

1 

6 

6 6 

2 2 

2 2 

2 

2 

2 1 

1 4 

3 

5 

s 

3 3 

3 3 


.<LajL-a 1 Its 9 4jl^jJ! C5^ Lj^ (jjSjjuj 

(least recently used (LRU)) 3 j£\ . 9 . 6.3 

cs^J !g >Li Vn« LuAa. CluAalLuil (^glill 4ajL*all (jl (jlal^jlialj 

.(J^laJ! L_jj^)ill l^Sktlaj ^ LIUi UL-^>- ^a-lklmJ fl (^glill La! tUajLj oj-a aAalimlm 
.(LalAalLuit ^»AijSM) Llj^a. ^A^lLui) <^2^ 4 ^L.^!! ^jVln iAHa] 


(8-9) Jl. 


4 i\l~i\l Clil •vL^il! Cl)l .i\3a aLAm (_£a 1 (jtS LI 


1,2,3,2,1,5,2,1,6,2,5,63,1,3,6,1,2,4,3 

.4c. jli ciiljUaj 3 LLaCaCLui! I a] (page fault) *•"'! »1 L-si aac. La 


cM 

^3 3 ‘2 ‘1 < —'! *sL^->\! ^jjCaa^lui i4c-jli 4ii5Li]! ciiljLla'i/! (jj5~L« 4 j!aJ! <_3 

\ c2 t —■'! •*^*✓4! ^3] ^1*1% Lm lAAaj .4aLb-a Uaa. 3 La^ 4c.jlal! dj5LlI! CllljLla'l/! 
i^gAj ^5 4_aJu*a]! ^llvin lAAaj .4ajLa Uaa. ClljAa. (jjA 1 .ag .aAVuM^ ojSIaIL LaAj 
JsSM 4_a2u*a]l ^j\iu .IgjlS-a Ig \1 -nAIj A ~\L^i ^!^)id (j- 4 Aj'l/ iAUa! ojSIaILj CIluli] 
^j-shu l^jli (3 <2‘ 1 Cl)! j ->L^->\! ojSIaJLj (jVI LiiaI) LalAalLuil 


.^gjuj C u.'iVLi.i' t <2ki*-a]l 
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Jji t'l'iMl aJa 1 ^aAlLa 


. \ 4^4L^l 1I (_Ji3 dbaAaJLuil 2 ^ • 

Clll LaldklLui! (Jj'lM (_$^2 ^ '*^>✓41 (_Jj 3 dbaASllml 3 ^ • 

SjSliJlj lil-d ilgiliLa 5 ^-Cajj l^a.j-vlm dllil CojSIcJLj ^^li]! Cll^ii]l 

.5 c2‘l *■" 

CojSlillj ^^Aj 1 r-lliajjai lAAuj CojSIcIIj oC_^_j-a CS^J 2 ^ lm 

(JsSfl IgjS? 5 ^ Ig lAlllui dllil ojSliJlj diuul cs^J 6 ^ '*^>✓41 in lAAu 

2)1 Jj ^cSa j .La'.*iVn«l 

12321521625631361243 

111 2 2656 612 

22 1 1263 124 

3 5 6 5 31 243 

.4 UaS. \ \ 4_ilgJI ll)C] 2)‘ 11 

(counting-based) ^*-1' J&- SAd*4l ciika jj jSJI .9.6.4 

al^aliuil Clll^j-a CCc- i. \\ n\l dllclcc. ^glc CliLi/a jj!jidl oCA Aali*j 

lAClCc- Ajy Aaiua dUdSliml LalSj 4 a, ^ JSJ JijAc. dilliA 2)J^-i Clua. /"iUa, .->11 

3g La 

(least frequently used (LFU)) f*'AkU JaVl <=4^1 <xa ,jjlj>s .9.6.4.1 

4 3-»>m ill ^^A (^jiS! IaIcIcc *Laiii) Ig-alcidLoil jiiS'lH d'l ^q.L.-all 2)1 (jdsl^jSlj 

CCc (_$) ilAClCc (J5! LgJ < _gClSi 4 ^j&ia djiliS ^CiCLuiLuj (^lill ls^J 

L ** Q I ^ \ \ 4 \ l> JSI Ig^ldilull dil^ 

^jjSSH dAtll dilc 4 dill£ lil 4 K■ n^ Igj 2)jSi «i3 44aJ)jl_jaJI oCA 2)^1 

<U£LiCa]l oCA (JlLa (Ja. 2)^-!j J g l<a odlli 2)J^ SjSlill ^ (JlaliS a ja (_faaj 2)1 

.4 ,alVn.a diljllii lAClCc 

(most frequently use (MFU)) f4AkU jiiSV' 4 ^q^\ l <xa jj jp. .9.6.4.2 
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Jji Anil ->h i ^oisLLs 


LL)A2 i CllL-aj Jal AI At Cal3 ^glill i" )l ~\L.^i\l (jl (jAajIal llA 

^j£,| IgJ ^^lill 4-\L.^->ll ^J-\tnl Lilli 40 j£Ia]I ^ j!i£l L " (_gJI ^Li^J ^5^1 

.(IjLiS dbaAklml (_5^) IaaIAc- 


_al£-« 1 gSn3in jjV 4jtlLoi jjc- CllLi-aj jl jaJI oAA j/iaM 


(Second chance) -M^l k~a j&\ V* jj' _p- .9.6.5 


jjjill ‘(FIFO) Vjl 51 ).aVi ^»AsVl 'LLajjIjid (JjA*j 4j<ajjl_j»J! oAA jn>'i 
L_ix<ra!ll Ajlgj LgJoJalui lilla LijAa. dbaAklmt A3 ClulS lili ^Sst$\ 4 -vL^-»ll jil^in Lili 
.Ifr^jaLjuiS I'nW ^AiCloiJ Ia] Lai tl^jJj ^^lill 4_aJu-*a]l j/i-L ij LijAi. CllL^aj lA^jfiajj 


.JLUI tPI jlill 


I’y-siisi Ja! 






A^,jJ ^glill al^aJluiVI 4jl^ jllii^Ll V (31 CuAVLi.il (Ja 4 -sL.'ill ^gJc. (wi^jalil 
^AVluU jd 4jl j lAgi (clear) ji^a ( _ s ic. (_£jiVj 4jlaJI oAA dul£ lili kajLua (JS 
Aj^j AlC. .LijA^. I^uIaVLuI 4jl lAA ^gAat-13 (set) k^uS (_5jiVj ClillS Ia] Lai c\_d\_=w 

Jl IgjiAjl (jl (clearit) vajkll £y» ^jiiui <ais (_ 5 jiivi ^Ia-vLjiVI kilv 

L Qt^l l A ^ 1 ^ \ 


(Clock) <&Ldl kxajjl.9.6.6 
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Jji t'liMl ->h i ^uALLa 


■ C 5 ^ SpliS jliSi 1 g i£j A_ul~'iH A_l/a 1 g LaC- AjlJ^la AgCii 

lili i V lliJLa. dLaAaJlml (_Ja Ac-LuJ! IgjJI jjdu ^glill A-yq>.^->\l jUik] allui 

<_Ja Ia j/i-y ij IgJj ^glill A -yq^ll jjdo] Ac-Luil! jdj«4 (J_ysd 1'ijh dba^aJLuil 
Ic^Aj tlg-lili A^ix<ai] jdJ^a]! (Jiij dba^aJLml lili cV llb-li. du^Hml 

.Ig^^jidS ^A'v'ni.n A ls-^ - .J.U* j 

^ClJj-aJI (_)j J y~ij.u.i Cll.ah'y'nul liljj (^ A^ii«a]l ^fi-ylm ^Jlli]! (JSLuill ^^3 

^liChdj A y.q>.-i cs-^ - c5-^“ Cl uhViml (_Ja Ia j/i-y Ij J) A_sjL^a!il 

,1 gj\'i ^jlill A -yq^ll ^2] jdij-21 (JjaCLj Ig 


□ 


0 

0 

□ 


0 


0 



0 

0 

0 


djlajL^iIl JlCjluij dj0aJ^jl_^. olSl^-a .9.6.7 

(J-ac- ol^y.-al t!lliLa (liLs. jt C/CH—h) A*J l 59 0>aLj^)j Ajlli£ 

£-_jj JLkcl ^.h'y'hu.a'l i jM C- A2aJ Cn~y ti" )\ y. qn->\l (Jl^jluil d-ll.l.aj)^)'jiy 

(JIAiLojVI Clll j)ry !■_ u«y A C )\ ~y^^i\l aIulLuij Ac-jli]! djIjllaVi CCc-j A_uajjl_j^JI 

;!lliLa _ d \\ y 2 ]ryl CCc-j 


Choose page replacement algorithm: 

1. FIFO 

2. Optimal 
3 . LRU 

1 

Enter number of pages in logical memory: 

4 

Enter number of frames in physical memory: 

2 
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On 11 ->h i ^oisLLs 


Enter reference string: 

01213132131 

Solution: 


0 

PAGE 

FAULT — 

added at 

frame 


0 



1 

PAGE 

FAULT — 

added at 

frame 


1 



2 

PAGE 

FAULT — 

replaces 

page 

0 

at 

frame 

0 

1 

founc 

at frame 

1 






3 

PAGE 

FAULT — 

replaces 

page 

1 

at 

frame 

1 

1 

PAGE 

FAULT — 

replaces 

page 

2 

at 

frame 

0 

3 

founc 

at frame 

1 






2 

PAGE 

FAULT — 

replaces 

page 

3 

at 

frame 

1 

1 

founc 

at frame 

0 






3 

PAGE 

FAULT — 

replaces 

page 

1 

at 

frame 

0 

1 

PAGE 

FAULT — 

replaces 

page 

2 

at 

frame 

1 


Number of page fault= 8 

tllljUal 8 4-}ll3ll <LUI (jjfla 

0123489 10 11 12 567823489 10 11 012 
5 6 5 6 5 6 13 14 15 0 1 2 3 4 8 9 10 11 12 13 14 15 


^ Vill) .9.7 

a^SliS. abaliua] C-iL^all _)> y~i jjAllj ct 4 (_])»llnII ^iaj 

ojSlii] 4 yl .mx all oil* ji 4-bliLal (Jja-uol! ^»Uaj 111 ^jjjj t4j^)AUa 

.Cl^j&Uall 


^ ojjjSi *411lA jV ?Ci^)AU=i 1I ojSlil! ^>yy jbtj liLol (j£lj 

4jj&Uall ojSlill Ju til^fij 4jLm^) lid .13 j! tlgbjjpbl 4_illaJI 4jj&Llall o^Slill 


dlllji tilji i— lluit 4JUJI oi& JiLa j_jJa .4-lSl£ jjc- 

.til j\ g y .1 J^>&Ua]l ojldll f ->y y olL j til lie- tilldl t4 li» .linl J^&llall ojlill ^JSj ^j 


;XP J)j-bjj Jj&Uall ojSIdll 4 yl .«,a jjjxj | Jj£^aJ c_L}£ ^jbajJ 4_jlllll dilljlry II 


.Properties Jm My Computer Jc- ^jM 09^9 
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t'l'iMl aJa 1 ^oisLLs 


\/7 wl 1 



w7 wl 1 

% 

Open 

Explore 

Search... 

Manage 

My Netv 
Place 

Scan for viruses 

ft 

ft/ 

Map Network Drive... 

Disconnect Network Drive... 

Recycle 

Create Shortcut 

Delete 

Rename 



ah 

Properties | 


Performance ^ Settings £ Advanced ^yj^' ^ 



Change £ Advanced ^yjy^' sialill t> 
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Jji t'l'iMl aJa 1 ^oisLLs 




Set Initial size ^ J-^ 
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Jji t'l'iMl aJa 1 ^oisLLs 
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Jji t'l'iMl aJa 1 ^oisLLs 


<1^1^ .9.8 

:(page refrence string) <LiLi lii.2 lil .1 


1 , 2 , 3 , 4 , 2 , 1 , 5 , 6 , 2 , 1 , 2 , 3 , 7 , 6 , 3 , 2 , 1 , 2 , 3 , 6 . 

j_pal jjSLj ClsUa (page faults) f.Uai.1 2>2c- L- 

4ijj idlljllaj A >M^-S ttllljUaj ttllljlia] jlJaj 

;CllljLla] 4 jUjujj ttllljUa] 

FIFO V s * 

LRU * 

(JaJI 


LRU “U* jj' 


12342156212376321236 

00000000000000000000 

a 11-»\ 20 



4_ajL*a Uai. 1 § 



2 


3 


4 


2 1 


5 


6 


2 


1 


2 3 


7 


6 


3 2 


1 


2 3 6 


1 


i 


1 


4 


4 


5 


5 


5 


1 


1 


7 


7 


7 


2 


7 





7 




•> 




6 


6 


6 


3 


3 


3 


3 


3 


3 





3 


3 


1 


i 


1 




2 


7 




6 


6 


1 


6 


4_2jL*a Uai. t5 



7 


3 


4 


2 1 5 


6 


2 12 3 


7 


6 


3 2 1 


1 


J_ 


1 


1 


1 


J_ 


1 


1 


6 


6 







-> 




2 


2 




7 







T 


T 


5 


5 


7 


7 


T 


T 







4 


T 




6^ 


7 


_7_ 
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1 li\ IQ 



7 


3 


4 


2 1 5 


6 


2 12 3 


7 




J_ 


J_ 


J_ 


J_ 




J_ 







2 








2 







T 


T 


T 


"6 


~6 


y 







4 


4 


4 


3 


3 









5 


5 


5 


7 


3 4 


3 4 


1 5 6 




J_ 




_i_ 


J_ 


_L 





2 


2 


i 







T 


T 


y 


T 







4_ 


4_ 


4_ 









5 


5 











_6_ 













1 5 6 


3 6 





3 


4 


2 1 5 


6 


2 12 3 7 


1 


1 


1 


1 


1 


1 


1 







2 


7 


2 







7 


T 


T 


T 









£ 


£ 


_4 


' 









5 


5 


5 











y 


y 


6 3 


4 \8, \ U-k g 

1 2 3 6 


_'a 1 1t~> 7 


3 7 6 3 

1 


3 6 


4 1 li\ 7 

:FIFO ^ 


3 7 6 3 


3 6 


00@0000@00@00@0@000@ 

1 Its 20 


3 4 


1 5 6 


3 7 6 3 


3 6 


/LaJu-a 1 Its J § 
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Jji t'l'iMl aJa 1 ^oisLLs 


.^LajL-a 1 }tv 16 



7 


3 


4 


2 1 5 


6 




i 


2 3 


7 


6 


3 2 


i 


2 3 






x 


x 


5 


5 


5 


5 


x 




x 


x 




x 



7 




2 




6 


~6_ 


~6_ 


x 


7 


7 


*7 


7 


3 





T 


T 


T 


3 




i 




i 


T 


][ 


][ 


6 







x 


4_ 


x 


T 


T 


T 


T 


x 


2 









3 


4 


2 1 5 


6 


2 1 




3 


7 


x 


1 


x 


x 


1 


x 


6 


6 


6 


6 







2 




2 


x 


x 


x 


1 





x 


T 


T 


T 


3 


2 


7 









x 


4 


4 


4 


T 


y 


T 









5 


5 


5 


5 


5 


7 


6 3 


X 1 Its 14 

12 3 6 


4_ajL-a 1 Its IQ 


x 


J_ 


x 


X 


x 


x 





2 


2 


7 







T 


T 


T 


T 







X 


X 


x 









5 


5 











x 


7 


7 




7 



1 


x 


x 

T 


3 


7 


2 

X 


x 


T 


T 

5 


5 


5 


5 

x 


~6 


~6 


IF 





3 


4 


2 1 5 


6 


2 1 2 3 7 


x 




x 


x 


x 


x 


x 





7 













x 


y 


T 


y 


y 







4 


4 


4 


4 









5 


5 


5 











x 


x 















6 3 


4_ajL*a Uaik IQ 


_<2»iu<a 1 li\ 7 
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Jji C'iMl aJa 1 ^oisLLs 


JJC- jjjUj .9.9 

? 4j^)AUaLll <-_s^)C. .2 

? liLa] iLa 4 nfa.i 4jjAlla]l oj£li]l ^aCaUmli ^c-al^jJ! UJ^ 1 .3 

? (swapping) ^ ^ .4 

? LaA La t (jjfrjj 414xa]l ajqiijj .5 
? dll (JjCjj dAxaJjjIjii. (j-a dj^La .6 

4 i\l~i\l C~ ll C~ )l lU-a ^Xuilal (_£.2 jl£ .7 


1,2, 3, 4, 1,2, 5, 1,2, 3, 4, 5 

FIFO <dOj'ji liaAiJLuil lil (page fault) Irsi c.^c l.w«-J • 

;di*J 


■t ,“^'j J^ 3 ) O 

. UJ J-M O 

.4c jli diljUa) d24ii o 
. 4cjli diljlla] o 
4c jli allljLSa) 4 iha \ q 


.4c j li djIjUal 4lLui q 
,4c jli allljlia! 4 *Jjuj o 


? 4 c.jla allljLLal 4 ijLail] Cltl a -1 IrSj ^ 3 j 2 Luj ^ 


1 Its j 4 cjli]l djljLla'l /1 CCC- (jjj Ig ^lllluil (j^-aJ 41 ! 4 *JI ^^A La • 

? d il 
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Jji t'l'iMl aJa 1 ^oisLLs 


A.LaUU Cl )\ LLd CCc- 


.8 


7,0,1,2,0,3,0,4,2,3,03,2,1,2,0,1,7,0,1 

iAi-jli dljUaj d!/lii UjcI (jl£ Ijj 

? FIFO ^o 

? (optimal) o 

? LRU ^jj'o 

? IjLaJj ? (dldda si )tsS CCc. JsS) (J ■ >*<N\ AjxaJj^l ^I Q 

(A i-y„a AjlaJ (j-a LjcJ (jjS-) AS) A ~v Ajl^Vi jllLi-i .9 

; C~ \\ (_j-a AjlLSlI ALaLJI llid I jj • 

1 , 2 , 3 , 4 , 2 , 1 , 5 , 6 , 2 , 1 , 2 , 3 , 7 , 6 , 3 , 2 , 1 , 2 , 3 , 6 

A_ix»^Idduilj (d(jUaj AjujI dll1 Its AAc. (jli • 

:FIFO 


9 

12 

14 

20 

jA AAaJI j Laa V 


O 

O 

O 

O 

O 
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Jji t'l'iMl aJa 1 ^oisLLs 


; ^ au .Lj oj£!a]I ^ jLL 4 i\,a» \1 JjAii • 


SWAP IN 

o 

SWAP OUT 

o 

SWAPPING 

o 

STORING 

o 

; djLvi>-a]l (_j-a UiLiJI 4_LuiLaJI li)4 

0l£ 14 • 

1, 2 , 3 , 4, 2 , 1, 5 , 6 , 2 , 1, 2 , 3 , 7 , 6 , 3 , 2 , 1 , 2 , 3 , 6 


• jA FIFO 4_Laj^)! ' (djIjLlal Utlm ^gj) d \\ 1 lr\ AAC- (jli 

9 o 


12 o 


14 o 


20 o 


jA AA*JI j i.s> ^)£a La-a ^gdu V o 


’ mLS A ^»Uaj l^j oj]ts Jjj 4 -\L--a Utn d i. W j 

La Ale- • 

^ jli jUa! (_5-ic- JjmaaJl 

O 

^3 UjUa-all 4_ajLmaJI (JjAi) 

O 

(JjlAaJI dliAali 

O 

diml\ 4 ^a, .->M dlm2 ,jl j-a Al'ill 

o 

/ajSI^L dluu] 4_aJumi]l J (jm A^illl 

o 

y ^ dll (JjA*j 

o 

page fault 4' L iim (jiJl iiiii saIc) 

o 
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t'l'iMl ~oisLLj 
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Jji t'l'iMl aJa 1 ^oisLLs 


* Ji** 
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t'l'iMl ~oisLLj 
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Jji CiMl aJa 1 ^aAlia 


(Devices Manager) 


. 10.1 

4 -n\ 1 »a\l oC^j] CllLLlJ (JL^Cl (_pa j >aj ^gA L. ImlaJlj Jajjjj ( _ 5 li]l oJy^J a 

oCA £-a _oAa.j]l oCA (ja jl (^dbtallj a^jSIL]! (ja (jjSli) <_ 5 ^) 

<—L}Sj j)\ g >11 (JaC. (Jjaaalilu ^lalj a_lllallJj 4 \x .^i j o,vl»a 4_ilaC. j/i» 1 ojCulla 

(jC- Lllc-i CS 3 ^Uaj Aa*j <& l U\ll .la (JaC. Call! ( 4 W! 4 jtL) 4 'i>a^)J 

jA f lS Ca3 /oAa. (_5^c- jlg^. l£ 4^a^yj AW1 4 j 2 ^1*1) j 4ia3.JI (Jja-alilill oCA 43^)*a 

^yCa ^^-ajuaJ (Ji» .Will ^13Vn a. j> ‘■JH ig3 .(Jji^lilill oCA £a (Jal*lill Lie. AjLij dllij 

jal jVI j^ 3 .Igjjtalj Sj^-yVI ^ pSvill (Ja.) ,ja cs oj^VI 

.1 g > 11 * j J lAa.Uaa .1 a ILuS-j tlg la dllajLta SV< j 

oA^_ja 4^>lj jSjJj (J^.cll ojy^j (Jjaaalij (JyLujjll ^llaj j 

(J^.J1 CjI t> a^y ^ajali d \\ i>a^y yic. dlli ^!L tlg »a (JalsCiU 


£ fi jsJ .10.2 

jlg^JI Ac-jai (jjjl£ij tlgjlc. jauj Igajj^j A*_uij 1 galg -a ^ ajgy>.Vl a dlVi 
(jjjljjj ^jjlaall 4^jJ ^AlLaS ,4 1 i» a 4_iia j o jliS ^^3 1 g »a (JaLdll 4 iSa j ^^lill CllLLlJI 4_ia£j 

_4_jjlilll lg.».a (JaLtll ^glill djLLUll 4jaSj Igl&^jm 


^dlxall Lli-li. (jl£ Laly c^^jljllllj djLmlla (jc- Cl ),Wn jVl lul 

/Ljilj jjUUj ciiLailLa jjc. ojSIclIj 

peripheral ) <j-a cjc*JI ^ (JaUiill j>a Jjima JjiciiJI ^llij 

CjjS ( djlsuliall ( AjuILuJI i(jjjjLal! ( ^JjlLa]l 4a>.jl l^ySj (_ya!j5Vt l^la (devices 

i ^»Cj-a]l i 4^ nail 
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Jjj .Will ->h 1 ^oisLLs 


jl 4-hjj^! 4jJa5 gj ^ (device) j4-=- kkl<; u' 

luiLaJ] <La_jIat-a £-|g^j jl jl^cl ^^3 ^aLul] 4-phall tllljjS-d! (ja 4_i£L}jljklaj j )li£]] 


;(jjc-jj aj^.^\ a±u>sH j£aj 

.(block) J^' o• 


.(character) *-*4^4 l4*j s j^l • 

JllLa ijl^lc. 4jli£ jSij Clulli ~s Clllc (JlifL (JSulu (^3 CllLa jlat-ail (Jjoijj 

ja 4 -L.m.L.m j£Cl, ^3 Cl)la_jiaLa]l (Jjoijj ^kVI £-_^l]l ,i. £-^l]l l3^J 

tA^idll t4julUl (Jlia tC i~s t Clil Jac. 1 g jlc. (_£j^u jljlc- l^J (jjJ t<—S jj^1\ 

.^liliall 4 _^.j]j 

^^lill i4£.LuJI (Jlia cu/ic-l ja (_^l J) ( 3 ^'^ V oj^^'in (jl-»at } tillliA 

.(interrupts) cLUhllaJi -kia 

4 \jx^->\ Vi lie- 1 j-va oJ)£^.'l/l oCA £a (JalatlilLl (JjatCiJl ^Uajj jjCa J 

.4-*-° (Jalatlil] 4i^_m 4aj^)k III l^)3_jaj 4 \c. J)aM 
oCA £-a (Jalatlillj oglc^/ 4 u-il S ^al^j kaLCalj ^jil (jaSlu (JlLa (J)»dill ^Jal -j>»»j 

lp-> 44 s - <j4aj ^ j' (device drivers) *js^-VI aj$-a.VI 

i—aj^)*j Caj Cllli ^llLa 4julh jl ^Cja Cljj£ (_5 j1Lul) LaCic- !}Ua3 .djliu^jatllll 

4 \)» ui'i ja jji^VI jfLallJ (Jjat-dJI ^Ual ^jJc. dull) ^alu^jJI ICA t Jl g >\1 £a Jjija 

_4jta (Jalatiillj 


new ) dcadl j4-4U <=4 jt j* (device driver) 

JjiCulJI ^Uaj a <il xsij t jl g >11 4 at u^all <£jd]l 4 hui.il jJ (device 

_3jC 2>JI jt^JI ^a (d-alatlW t oijVill IJa JjiClull ^Lkl ^AsCLuiJ C11 ^>) 


(i controller ) . 10.3 

ijjLil ,j» jljjSlj 
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Jji t'l'nll ala 1 ^oisLLs 


.(adapter) Jjp^' j' (controller) . 1 


.■‘Cuiij jl g >11 .2 



_l_Lu:LaJ!j jlfraJI ijjj ja^alLall |(1 -1 0) 

Vi 11 ^ill t J;1 g >llj *•. UulaJI (jjj Ja^uij ^Vi.all 

Jjl^all (_lx»lxi}3 L- 1ml~sll Lai /ojjailxa jl^all ^a (jxalxjj ^ill jAj jlg^Jl J-aC- AjL^jlal 

.^fLaj-all ^)JC. iLULj ajjailxa jjc. *jj■ ; 

jA ^jA}3 4-ljjj La 4_La a. Alaj Clua. (Jjat-Ju]' ^Uaj £-a (_fal*2j lia-al^j (ja_j 

^aj-all ^jii3 i(4_li*_a ^Vl Cll^la^uxa ^ Vn»j ^ >) ^5Laj-a]l £-a (J-aLdllj 

- i_)jll-».al' (_fa*Jl jl g >11 .AiilS t (JU-aj^Lj 

J3 ^gjllj jl g >11 oj-alji (JjoiJJ il£U„ M ,a ijJ)^>Vl jJ.la lg * ^J^ll 

:uj^ 

.CjUUj a!/l2ui! ji jLoijj • 

.(On or off) jWl' (jlc. jl £js • 

^ -ag -a (_$\ Aiil) • 

‘(buffer) eiiliLij (jjLi. aJj^-^L/l L^-d a>jj tCL^l>>«<al' oLa 4iL*iaVLj 

. jl g >11 (j-a 4jLiSll ji oa-l^jill jj.la 4-aAaJLuj 

(1-10) Jl-La 
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Jjj Cnll aJa i ^aAlda 


t(video ram) s‘ dildll cj j£ <jjU. ^a.jj 

CojSIdl aCA A_CajC Cjjj La A-jLiSj ajg^L/1 jtlda iA-bLui]! Cl)La_ji*-a 

.AbiLuJI aj£IL (_5jlia-a jlg-lal _^ai ^aSdlll dl^^la-uus ^daJj 


Direct Memory Access) jLiLudl J .10.4 

((DMA) 

lAc. A^jj DMA Ajjj^)j£J! Ajt_La C^jj AjjCsJ! djlfmLaJI 

Cll.a^Vi.aH (j.a .llCaJI AH iA .^cJbtAI jc. IdllilLuiL a^)£!d! £-a (jAatlij i^\ 

U-a \A | J 4A_LLibl clj£ cb j£ JLs DMA (controllers) 

.bllbj ^bbtAI (JUtCil jjb ajSIbllj ajg^Sn (jJJ ClsliLnl! Jlj DMA lalmj .L-lL-AI 

AjuLLa ULa. ^cJbt-all jjA) DMA t$-J b^jJ V ^ ■ a ) 1 ^" ^ 

/ajSIbll jlg^JI j-a CbLLAI Jb A_iLac- ^jLL dna. ddbll Cbl i\.a»\ 

Clll i\.a»a .aa-lbl jlll La>» jAji bjAli ^dbtAI ^AabaiJ j)l f-LuLM ebA 

.AbtAl jps j (3-° jAAl bi-L j ddbl! 

(jc. AjLj ddbl! dll lb *) j i"';■*>. t^LLt-all jjbA DMA l!-**-) 

; t ^j'l/lj jlg^w (A 4 Cl)Laji*-« ^dbtdl blj! Ibli .^JbtAl 

AjjlLall jig >11 tl g V<h b!^)A! CbliLJI ^-n-v) CbLLdl jaj CbLLaA DMA * 

.((ajSIbll jl^jic.) a^Alblb A_i3 Igij jdli j j ■ „ (_ 5 Cll (jlAA! iCbLLJI Ada 

_(Aj3j j>a ICiilLuj-a) JLaC.1 Ab^ ^lILlAI L_lAbj ^aj • 

.cbbldl jil diULaau DMA ^»jsj *L£Vl ebA • 
^dlsA] (interrupt) ^AaliLa ajlcll A_LaC- (_ja DMA A dc. • 

_C_i-aj C3 CllULnll Jaj Ajlac- jb 1 ^j 3 ojfd j 
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I'l'iMl ak 1 ^oisLLs 


2 j LgatJI ,jo c lo^iao c jl 
J ^ l$n»a 

p. 0 l2all i_rJ lyuai’ JiJI pj ^ 



.DMA kj£ :(2-10) A J 

XP jj-Ajj cs^ DMA ji Jk-k .10.4.1 

device ) « j ‘djl^cc DMA j' Jk*-! * AA a j 

j^kii IDE ATA/ATAPI controllers J&- Jhll £ ‘(manager 

Lg-aLai Ajjijl (_^i ^jlc- jiji ^eiiljljAtA' eiililj^cj AiL^=JI (_jkjiDU ^ <jc. ja cisli^Lj 

j^kia ^(properties) o-kU-ai. jlkl £ (jjjlkl jjaci channel kk 
Transfer Mode <ki t> jkJ ^ t Advanced settings SAjfd' Jk.1 
ijaajill (Jxaj DMA <J^*k .(-3-10) cjkcll kaj 4jla. 4 -Ijjj LS^I 3i >" 

l&jjja (jj-i) a^jclxa o^)Sliil CllULnll Jii (_ja ClsLjljkuAlj L_iLkl 

.^dla-all (^jk- .Afrall (Jlil Laa i^^dla-allj 


( 271 ) 






















Jji t'l'iMl aJa 1 ^oisLLs 


Primary IDE Channel Properties 


General Advanced Settings Driver Details 

Device 0 

Device Type: 

Iransfer Mode: 

Current T ransfer 

Device 1 

Device Type: 

Transfer Mode: 

Current Transfer Mode: |Not Applicable 

ji DMA :(3 -10) ^j 

® C-fllJlAl .10.5 

opli£ll .10.5.1 


Auto Detection 

V 

DMA if available 

V 


Auto Detection 


DMA if available 

.. PIO Only 
•' 1,1 


DMA if available 


Ac-^jjoU dujjS La Ijj 4 nln.r j/ian (j* Ly 4 

t4_}3 LSaji <c.jjau 4 A/i^ya 4Lc.^)jaij L. LmlaJI aa-liSi (jls 

^jjliLa]! \g Wn LaliJ AiiLill duljlixa 1 4 £-jjjij CliLLiiSl Jijj ^3 5LLa3 

(Jjlalj lillij oa-liSlI j"^j (j! liA jJda 4 a .■LiiLill duL 3 4 ^-JjjaJ 

^fiadallj .^Uajua-al! (Jadll 0^-a.V ^l*-a]l _jl A Vi I 

.pjj-ddlSl ILa 4-aALuuJ] ^JiaLda) DMA jW-^j 


Sj$-=AM 4J5l*iuil .10.5.2 


5li tl.g.»..a (J-aLCij oJ)£^V 1 (jc- 4-iS5ljCLmL da*j <~^ c ‘ 1 . ■ 

jaJ lijj .1 g x a (J-aLtlA l$J 4» n^».a\l 4iaj22l ji 5LLa 4juUall i—SjC-i (j* ^ 

(jjjilj (J>a*J ^yA jjij V 0>al^)j]l CS^*^ AjuUaJ 4juUa]l 

(J-aLuj aJ)£a.5U 4 )-\ajj 4^a.lj dastl dV c_S^JI .4dLuJ! <LL) j >la]l 
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I'inll ->h i ^aALLa 


Jxaljtlllj JjicuLi]! ^Uaj Jj aj^axj/l jc- .i*-j]l (JS aAiau jj£j 4^>-al jjj ■%.•<. .mil l^Jt-a 
4 n>al jiial I g ».a (Jxalxjj ^lill 4^^ Ij]l (J!L«j L<ujj 4 isis-n\I oj^ikjn 

.(_)j».>'>Y.i.1I ^.1 1~> 'll Ia jjajj Ujlllla (Jjfllmj 

4£jLU! .10.5.3 

i^jsljlilj jj.a.'iVn.i.all jjj <S jlu.'.’ixi jjfij jl i j-a jj'i51l 

*v i Llns^i i4j^lc- ojj^au (jjA’' 1 'v'ni.i.all jjj oj^_i,j/| o^A j3jj (jl Ji*juliII ^llaj 

.^c-al jill 4_iaj (jj^ dJjiuuJl jl ^ a.II ^t-al jill .AaJ 

4jL^]| .10.5.4 

4 x^>x^i~N Xa \| oj^^Vli iAidjll jjc- alAaJLai'VI jps l^liLaai i_ i-ni oj^_i.jn (J£ 

. jlia dj3j]l (jj^j 4 il,ac. j«a jjSIj l^-«l^ 2 k!Luil jxs 1 g~nl xa~v i. )-^ i 

»1 ItsVI 4 -n\I»x> .10.5.5 

(ja oaljail jl (_J^^ jl^. (_gJc. 4 jIj 51I (Jjl^j (jl£ c jl^ax 1 Its i" lAa. lil 

jl jl^a^lj jl£ lij 4JiaJl*-aj UaiJI <—al xul^l Sj^VI jJ.la cs^JtS jl^a. 

.1 Irvll i— uj>m (_5-^l ^c-aljjji] jjjaj JLujjI 


dl\j-N«Q^)j jcdjij .10.6 

Principles of I/O Software 

jj.1x» lJI^aI ^.x-Kiii ^jidlj Ja..dl dll I’N.xa^j ^jxa.^'i l^jc-ljj ^Jill ^c-lja]l 

CS^ J ‘ 

£* JxsUjj ^1jj 4jIjS t (device independence) sj^VI 4 J 5 ULLJ • 

aid (jxiaj a-lc-^Luil (j^-«J 5liLa .Uuaa ojg^jM Jjx-alij 4ij*-a UJ^ Sj$A.VI 

4jljiaxjjVI jl jj-a]l j-ajiUI jl i. llx^ill j^ajail jxa (_ala oaljii] )Vlll 

.4 jj-^->11 
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Jjj t'l'iMl aJa 1 ^o2slia 


cs^c. Aadu V jl^aJI jl Utldl ^1 :(uniform naming) • 

.t_lia ) ^du (j Al ) jliia .(j^a^dl (jaalll 

,1§J ^ ^UaaVI <=JUa ;(error handling) ^UaaVI <=dUa • 

L_L)j*d]l V]j tl lr\'l 4 -nII» a .A Vi all (Jjl i4 UaaJI <-JaLuj£l ^li lil Vila 

Id i _ 5 J&VI di lifkll UaiJI jj-aj j clkiJI ^ c-ia^aj jla-a (device driver) 

.1 3-vvll ^dljta JjuiS 

Synchronous vs. asynchronous ) c>'ji* j^dij t>' jidt Jadi • 
Aa-ajj ^il cn^ 44_iaijiia jjc- J^-di a "\\ iiac. ~i*»»^ i(ttciRsf6rs 

(Jaajj (ja*JI JaliSLl la-lUC-j (_£^pd JlaC-lj ^Ldll ^11 Ja*Jlj ^jiid DMA 
.cdULliall £a (Jal*jj jl iSj^ (jl ^ Iliad V o-ilc- ^-lajjaiall ^cal^y .4jdLaULa 

(block) Jp^dd jdai cdl^ldi (device driver) dalLj*dll jajj 42 j 
_CdL*jalLdl (Jj^aaj 4ic. (unblock) j> ~~dl ‘dlaj jUalilVI Aic. 

c^a ujpd V jlg-?d' c> jj ydl' ddUUdl : (buffering) ddajail jjjvdl • 

t4.nl gdl 1 gjg >j ^jJI IgJLujj] Ji3 Ig 1 .laj Lajjj 4-jl.ldl ^ 4.nlg ill lg~ig>j 

. jl g >11 Via ^ 4^,jj 43 j jla. ld3ja j jail idldd 

dllliA [(dedicated) 4 ^^% a l l j (shared devices) jdddl sj$a.VI • 

(jjkj jl jlLaJ jlliaS t^AalLuxa ja jlifd (jaJ ASjlLaa (jj£j < _ s ddl o j^aVI (_>da*J 
(_^a^)dlj o4ja.jall CdliLdl ja 4 j 4*JI jjadiJ (jaadall ■ ■'*11 ja 44c. idllldA 
Jaia-aall Jajjddl (Jll£ 4_jlj£ (Jlia 4l£jLaall (jdd V ojg-ai iddli&j .L_lL-adl 
4ql'l-va ^>3j43 t^IjiVI o4& £a (Jal*ldl ^a£.4 jjidudl ^Uil .(tape) 

.4 d~i-y.aH £-1 ^jVI ^-a (Jalxlid 


^jiJlj (jjJa .10.7 

;lgda 4 jdlia-a a. nil >mIj ^^jaJlj jaJl]l ^ld 
.^-a^jAall ^^>aJlj (_Ja^l]l o 
.CdUialLdlj ^^>aJlj ja^]l q 
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Jl* t'l'iMl aJa 1 ^oisLLs 


.DMA f bVn« b i ?jdJlj J^-J' o 
(Programmed I/O) g- lM' .10.7.1 

;4.illlilt dll j)rv\b jl g -n 11 £-a J-alaJl ^li liA 

V ^1 jAla. jA Ja jl^aJl jliidl J 

jlg-aJl (Jj/j-a dlliLlJI j-a a. Ja. jLai jl/JUi-Loil 4jjla-a .2 

.dAiLJl J-a a Ja. Jbuijl Ji .3 
J Oj)tv\\ L_lAj] i Jl J'l-mVl/iJlm^A 1 Jdi£j ^1 !J .4 

I^ULl 4_iLa*Jl ^»j£) i4juUall OSMAN •—iIjJiJI 4£.lJa LjjJ 1J JiLa liA 

.Aajllall ^^ic- jja'nAl ilia • 

jAn i Ja-lLa jjc- 4ajUall dlilS 1J • 

AajUail o^jSli ^Jl JjVl <—S^jaJl JjoiJ JalLa AajlUl • 

_<—S^pJl l^A Ac-lJa Ja 4julla]l ^^gbl jl J-lallij • 

J.h£a j ^jUl <-_a^)aJl JlmJj (_£^)di oja 4juUall Jdidl • 

jll .lalj 1 Jic-lJa jiallilj C-Sj^aJl jAJiw JlaiJi? l*jlLa ^IaaII JjfLlxjj liA 

.<LuiUl Ac-lJa Jil (Jia. V jadiA 4 \* y i Iaa JjdlM 

. Ja*J1 1 JA Ja (jl (Jj 3 ^>dl Ja*j ^llill ^-lla-all ^Jadjil j] 4_ii jjill 4^-aJd. 

( Interrupt-Driven I/O) v^UJaijuL ^>Jij cM' .10.7.2 

JjuiJi Ji JjVl i—S^aJl kc .Lila j yA ^)£] 4juUall ^-llx-all ^Jiaj.i) o!ilc-i AiLl^jUl 

.IjSiAj ^jUl i—SjaJl <1 
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Jiar CiMl aJa i ^oisLLs 


(_^Lj ^aJ 4juUa3l ^gjj 4lic-llJa (JjSH <—S^pJI (JLujjL £c3l*-a3l 3 li& Lai 

L_ajaJI (JjujjJ ^dLt-ali 4jt3aULa Jjoijj l^'ic-Lja 44a 4juUa3l Vn LaCic-j t J-ac. 
.ojALa. ClljtS La (^jLa ^^A Lajlj 4jul3a3l jUalLV ^Lt-all ^>lxCaJ (_j3 IcSiA j ^1431 

(I/O Using DMA ) DMA ^>3ij <Jiil .10.7.3 

(_}£ <c.l2a (JLu£J Lie- CllaL 4jt_LalLa3l (jli alllaJalLallj (J4k,c3! ^ 

CC*J (JjSlLui c" A»J-»\ q^oO CCc. .^clLia}! (j-aj jCA L. iui.ni ICAj iijja 

eJljjaJI 4 c.LlL> ^jIjj DMA Vt.a (ji ^^Laj DMA ^'4'k‘uul J g~ic.Lila c!ja3! 
J£3 4jt_L«tLa (ja c" » 3-»\ qxaO ,11c. J ICA j £c3Lla 3I ^lc- j] jjjC _j3j 4jul3a3l 

J£ <c-Li!a Cic- oAa.lj 4jtlaULa <3] ijja 


(I/O software layers) £ j cl^' ji LjlifL .10.8 

oj^^i i." tl u^ijt^TV ) bj3l dllaA^I tdllixLa (ja 3k,c3l Cl)1 )-\ajj (jj£jj 

CjliL £Jjl d3liA .^.’'iVnuaW oA^ja 4^aJj Lilall Clll&iUl j3jj 1 ain 

.4 qi3k^j 4 (A (J£ ^j£] C n~\ i(4-10) jJajl 3^.3! CllLia-a^jJ ^ 



V7. * M a dA_ia^o Ji 


*l 3 \jz. ! Jj • 2i il 1 l Irt > ^ j si i 

(device drivers) 

.-.1 * Lsl 3H(3 a ^!l » * 



j^jl CjLaa^jj CjLaaJa ;(4-10) 

d]L3alla3l 4_aJLta .10.8.1 

<_aj^alJI 3*-^ (_^A d3L3 4£j^)la JjCaSij idllaJalLall a-lik.) dCaS'l/l (ja 

ji 3^31 ^g.Vn Lajjj L_a 9 j 3 ! ji 3^31 4 j\ac. L_jiia (_£ 3 ! (driver) 

.<_iuj* 3 l ^calj^ (Ja-aljJ t 4 'iag a \ 4 j 3 alLa 3 l lAAaj . 4 j 3 al£a 3 l ClljA^j 


(device drivers) c 4 Ujj*i 3I .10.8.2 
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Jjj t'l'nll aJa 1 ^oisLLs 


■Aic-j . jig y 11 l.lgj 4 i.st\ y 11 jig y 11 AjtL-a-all (■ ■ u£j ajlc. 

^ikj ^ l_sl)^)*Ii] 1 C-uinj o^lc. ,4jt-a 4jj3j«a i_ajjjtj 4 jl^Jajail Aaj jlg^. (jV dljl^jdi 
(J-alxIiil (_)i» >Vnll j»llai £-}lalLuL) ^^llllljj ,l))* dill ^Oaj j-a If. ja. 4 la y i Loo jia dill 
^l_l=»j (J-al*JJj . jl g y 11 '•''s, ^je. jig y 11 ejl^V dll 3 l^)*ll]l £>i& J-a*j . jl g y 11 £-a 

.(5-10) (J^-all t jig y 11 jic. jig y 11 ^a (jucuLlH 



. j )a .'.Till ^Llaj qa l ^ laj J a djlij^jallll j SJ«-V1 :(5-10) j^jiP 

ojg_a.jM (jc- 4 lq~n«,all (Jjidull ^llaj 4_iaj .10.8.3 

;(_1ajol) (_) ia di 11 j»Llaj ^^3 ojg^-Vl (jc. 4 lq~n«,all ^t-alj^l 

.dllaj^jallll ^a 4 ^_aJ_j]l Q 

.buffer djajJl (jjUJl o 

.^UaiSfl t> U^V' o 

.4 ^11 oj>g_^.Vl j>a*a. O 

.0 jgjajM jC- (jslLuia Jj£ ^ o 
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Jl* AY'll aJa 1 ^oisLLs 


£-a oJi2wj-<iII .10.8.3.1 


)x *1 II ^aUaJ 

<-_aj£ 4i^>*-a 


<r e v 


!^ aai~£ia ci L^jaJI ^IaV iml Ji» AVi\I filial 

j]| oAA ^>1C. Jlialuli]! ^Uaj £a ij \dli Cllia-J ^jlij^xj ij.n^j 


Operating system 


Operating system 


JUiJLjul 3 jlJ LjUlidLanJ 


Disk driver Printer driver Keyboard driver 

(a) 


Disk driver Pnnter driver Keyboard driver 

(b) 


^aUaj :(6-1 0) 

^aLlaj £A clilijjxll]! CliLgC^lj 

L_L)j*j iajj coJ)^a.VI J£i oAawj-a 4^_aJJjI^J (jl JiCaSVI (j-a 

4-uiin Cj»Aj»2l 4Ai^)la 4juil) 4 sIjjui i _aj^)*j 4 gj n« jjjSii 4juUall 

.(6-10) oj^Vl i—^SJjls 

ci>Jl jjUJI .10.8.3.2 

4j 3 £_Cajj Cilia. cCll3j-a jjjla. ^liaj 4 J'i^llj 4_}3^aJI 1 gjc.^ij oJ^^.l/1 
jl^a. (jlS IJ) jl^aJ] 4_la.U! ji (j(J^,A jl^ia. 4lla. (^il) jl^iaJI jj-a oAjl_jl! CllliliJI 
J*^j *• " ij^ ) ebVl (jjmaj (jjlaJI Aj^j J g illaj ^Jill 4 g -y\\ ^sj (j-aj (^_J^ 

.£-jjail o £-a J-al*lill 

< 2 kLma A^lj (jjla. jl ^AalLmall 4 na AaJj jjjla. c3\li& j)jfL) AS 
, JjCaSin _jA jiaJs/lj ,al_ji!l 42kLuiAi3 ^^a.1 j ^AalLiAll 4 ..i-a A^lj (jijjla. j! 


^UaiVl O^V* .10.8.3.3 

(_j-a apl^jal! jl Ja.A jl^a. ls^" 4-3-i^l Jjlaj jjlS cjl^ia. is^ 1 Its ClAa. I a) 

^LajuJIj ^A'v'nu.aW ji 4 _jWLS LlaaJlj jjjS- 1 JLai^)] J-l*-Alllll ^»llaj (3*^ dW?" 
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Jji Anil -oisLLj 


4_iLa*JI plaJJ ji 1 ]rv\l (J&laC) ji <1jl -\a\\ oAlc-j Ajjj (_Ja iAjjj liLa _j\ n-slj ^.'iVnu.aW 

.(4^) 


i_aSjjl! LlaaJlj (JLoijI (Jt» An11 ^llaj 3*Vi 4 (_pa*j 




(<£jLuuii] <Ll3 jjc.) V-su-aVall jJ^pClj 3?-^- . 1 0.8.3 .4 

^ oj)^^ (JjiCullil ^Llaj ^c. CHaI J)lg_aJI ^IaVumIj Ja^a oA^lj 4 il,aC. liA 

.^IaVILujI (j-a (_£^>Vl i." ll il<a& (j£dill 4_La 4_iLa*JI ^)3j LaAic- ojj^)V]j ^AVllui«a (jl 4jLa^ 

Jj£ 10.8.3.5 

Clslc-UaS y ~vi 1.411 iA (jjSli AS 5llLa CaJ^^^I j jjj Jlj£JI ^>1 > ~vl a lil’iVi A3 

4JjS ^jAallj <_s5Hi.'^l a-liV] (JjajuLlI! ^llaj ^gic- li& _4Allii-all (j-al j)S^\ jjJJ 4 ql’i-y^ 

. A^.j-a 

-Vi. .ml I (_g jlt.uxa ^^iJlj (_Jik3l Clll I'Nxa^j .10.8.4 

d ll yi4xa A^.jlij 4 J^iCCl]! ^Uaj (j-ada oAj^j-a ^ ^pJlj (JVaII Cl ll ^la*-a 

flfcull a-lcj frlc-Alujt ~A -Vi..mil ^ i Wi ... ia .CllLli-a^JI aAA ^a J-abCllI ^AsCLuiaI] ^ .a . u'l 

.Ajjj (_ 5 C]I 3 I g >H £-° (J-aLsdl] 4jlifLall jps L. Lml dll 

c_iL^il) (j-ajali .10.9 

c^^jidlj 3=>-41 oJ>£^.V 4Jla. 4 -ujIjAS 4_CaiillLuiA Vuil^jA L_lL-all (j*a^)31 (jjjjAjjoi 

^glc- 4ilLCa'^lj _jAj t4da L.Lullj4-^ jl~vj ^j (3^,31 iij)£_^.l ^Jkl jya 4j^ 31 a 

_C1i3_j]I (jjjil (_gi JVA jl^a. _j n »1 CUa 

; (jJACu jya (_gl Jlia 4jlLa i. lU«-ill (jaaj3l (jj£llJ 

(JSli) iajjdu (_4alLj Ullc- ^»VI 4-=wji]lj A2kjJ ClljS _jAj ^£aJLall (jjCu • 

/ _ '1 ^ —‘11 (j^ajill ^a (Cjlllu 
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Jji t'l'iMl aJa 1 ^oisLLs 


(j-a (jjSlu jAj ‘(7-10) c M > “r jAj J)^g > 11 

-C 5 Jf. ja.j 




jj-a:(7-10) 


• u “'.)^ '* * <_5^ tllUluil L_iL^aII 


g £jjl < sj^\l CllUjS-a .10.9.1 


(_j-a 4jj£-a A <tjli.nl (JSj tt£3jUu» jja^a ^\c. dlUt jItumI (_j-a 

\g *J-a> 4 jIjS1Ij (jjjjj JajjjJ c4jIjSj Of-l^jS (jjlj ^lam 

4_ia9l 4-*-« £-)j.2t t£3ja^i) La-lic- Cluaj Aa.lj 

(jjiiil 1 g ) ^-a ^ li ■ iiV1 iJjtjLaui ^}iC- j-aj AjlaSJtj aplja]l (_jjjjj a*-?-) 1 a* 

.(8-10) a<^ tt—iSjll (jjdij ^ ^JauiVl as ^ CjIjLuuJI 


!■_ (J-aC- AiL^la .10.9.2 
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t'liMl ->h i ^aAlia 


A_Aj£1!j Aj Jailjj jliJI dl^pd) Vajlca AjLi£ j! opl^ji] 

^ 1 0 c^) 5 (_ja (J^JXJjULl A_jla*JI oLA iL-ljiLuJI jLuia]! 


Surface 7—, 

Surface 6 
Surface 5 —. 

Surface 4 — 
Surface 3-— 

Surface 2 —' 
Surface 1 -— 

Surface 0 


sd-o 


Read write head 11 per surface) 


-gr^jr^ 





Direction of arm motion 


l_llx.a] I :(8-10) 

( _ s da> d i\ it jL. ■ "VI A_jLi£]lj ocl j )£]l U^JJJ 

oAa Ldcui oiA A_iiaC- iAjLjSJIj opl^)a]l diVi A_jjlLui]l 

:cs^ 10 j 5 U£ 

^VLall ojSli ^gJj (JjS (J^d dlULnll JiL AjLifLlIj oclja]! 

dubliia 320 c5^j 5 L}^ r jt jd <C JjjjJ ^1} dua. laJJj-aJI 






V>jj^V 1 *'>Vl .10.9.3 


(djULJI) AjjIj^j^SJI djljlb)M AlLa^-a (jc. ojUc. 

Vi i Ada i__il!La La ^glia Ifrlblxjjuil ^glc- A Li 'i» a a Jjlalia 

(jajjj A_i3 dlnail a£^)^j ((j^a!jS^M) jj^all cs^ ^SLdJLj 

.AjLiSilj ocl^jii]! 
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(J)X ^)Vl 



# CljLc.Ua3 jLui-0 C1 jIjLui-q Jj 4_ji *tiVi ;(9-10 ) lS^ 


(sector) ^Uail'j (tracks) J-^' .10.9.4 

a jlii^l -hm<I 1 jLaui (_J£j Ajjjlj Clll^)LauS kjlj) 3-1 ml (JS aJjalSJ 

jAj Clulj 512 ^-Uakll Jjla idjlc-Uakll |j auU ^>>^11 ^ AjjLuiLa 

.( 9 - 10 ) Jiil! it—li—a]l (j^ajflll £-a adll (jjjLlii > t .oi 

(jjjUl) 4j| i o.9.5 


Jlllljj ti3^p—aj ti3^)!LuLa a AilLa <jlj£i3lj (jjijjj (j) 

(_j-a jLulaII (j-a (jlS lili ioA2wj-a 1 g~i5^a. (jj5'n« 

(_ya\j^\ AjLuuJI jLuui]l (jjSiuj 1 g ».]•<>> (_£^)i.VI (jl^ (J^ 3 ^ 

JSjuJI ^3 btiLa3 .kjl_jlajuji (j_j5j ^t-iL.iVl ^ic- A^jLuilLa]l dll^Lktualt c£l3i3 .(_£^)^Vl 
(jjjpj J- ><aVl ^J^a lillil .4 jljlaj. nS Ajjbaiill d]|^Lm>a3l (jj5j (10-10) 

-1^1 j (jlfLa la-a kAj^]lj Spl^ail (jV Cllljljjliml (J£m ^^3 CllLjLlJI 

.oj-a I j£ ajUSJIj aa-lja]! (jjjjj (jl ^HsJ !^la Cli3j 11 a j 
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(J)X ^)Vl 



JLaJ ^JajaiV^ (J^ ^3 A^jLiolIaII C1j1^)Luia]I |^10"10) 


( 1 - 10 ) Ji. 

(j^s 4-a3j>» ^lajoi (J£ ^ dlljLuuJIj (j-aljSi 4 >u,a-v Lii.2 (jlS Ii] 

: CP 202 


203 — *—■iIjLuiaII • 

10 — ^ la ■ a V' JJlc. • 

10 


203 — *■"''jljJa-mVl -lie- • 

(2-10) 

J <—sja. 40000 cs^ jLola]! (jl£ lil (1-10) ^ 


^!j]l (^J=LuJI) 4^._j]l 4jtjul • 

4jljl-» ■ ■!Vt 4jtjui • 

4 2£ll 4.».>.2I • 
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Jji t'l'iMl ala 1 ^oisLLs 


800000 Cy* uj^ 4 <—if* ciAjjla-a (jjjpCi! 4-aj^iUI • 

kLall lift ClAjjla-« (jjjpu] *Laj!lUl • 


(JaJI 


jLoull 4 jt_Ul x CjIjLuiaJI .lie. = 4 _^._j]l Ajuj 


203 x 40000 = 8120000 

400000 = jLui-all 4jlxjj X 4jl jItumVI CIiIjLuia ^JlC- = 4jlxjo • 

.He X 4_jljJ=mj^n 4jtjui = 4 ilS]l • 


203 x 400000 = 81200000 


800000 / 40000 = 20 


; CjIjLuia]! • 


20/10 =10 : e^liljlxuoVl ^ • 

.10.10 

-_lL-a]l ^^3 CllljLnl] <_lJcuu]! filial .Ajjj liA 

ojjiiS (J-aljfr ^glc. Juli*j L_lL-all (j^ajail ^ ClsllLnl] (Jj^a_j]l 4 i\.ac. j .4jjUa-4l oe.li£L!l 
^^Ic- AaIsu Liiaj! IjlA j CL_lL-a]l (_j*a^)ii]l 4jiiS 4 _Aj£ jl J^ 4 

' mLS A (JaIjC. 

.(seek time) 4 -iaJI j • 

4_AjS]!j el laj 4 lie'll kjl j t-i. nV 1 • 

.(rotational latency) 
.(transfer rate) ejUlnll JSj j • 
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Jji t'l'iMl aJa 1 ^oisLLs 


i (JjAjulJI ^Uail 4 jUa (JjoijJjoi ia-lL-all ^-a (J-aLClil ^-“Lj^y ■AJJJ LaAic. 

(_jji Lajla-all (_jl_yc-j (4yLi5i ^1 oe.ljii) (_)-a*JI ls^ - *•. iiL\i iSj "^) 

^Jc. i. l\)a\l JuiVi alima (jyaLLa a_lLa]l ^fLaJLall (jlSi Ijj .IgijJpJi ji 1 gIkj Ajjj 

jUalul i_a, ^3 L_llla]l £*iaj ^'\ j,u4 ((_jj_jiala-a LaA^lS jl LaAJlaJ LIS Ijl Lai 

t> (j^j^' UAi&j .(requests pending queue) o^jaii <=>.>di ejUiLJI 

(jlS Ijj) jUalii^M a q,.a (_j-a ^)a.l L-llla j)\ n-vl ^»Uaj ^jJaluu 4L_lHa.ll ILa jlajl 

.(jllaliLM (j-a^)i]l ^-a (J-aLLiil a" ll jl)a tilll lA 


4_yaJ)jljaJI (^gic. ,1/uaj a" ll jDall 

:J^ : 


^_y a ^gJLill a_ll]all jLiia.1 
il-LajjIjidl (j-a . (Jjat.Juli ^allaj 


.(First come first served) Vjl <*aSVI • 
.(shortest seek time first) Vji JaVi (>jl' VOjOs. • 

.Scan j' (elevator) VOj'j^ • 

LOOK jj'_p- • 

.(C-Scan) L5 Jj'^i 2^di klajjlja. • 
C-LOOK jjlja. • 

.^Lill JLLall ^yc- ^jA alllxa oLa (_fac- kil^jia ^y-sajll <ajjla (_Lia3i j 


(3-10) JILa 


^a H-aLtlll .ll^y (j(l^Jj^-aj (j^J) L- luia. Lj^ya) CllLillail (_j-a a L^a (_£.ll (jlS I jj 

., .1 .11 . . ,-.\\ . a .11 til ,-.1 -.1 . 1 . ,vn 


98, 183, 122, 37, 14, 124, 65, 67 
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(J)X ^)Vl 


c. Q \^\ ^ .53 j)3 ->aaiVI jVl U&\j jl£ I jjj 

.a^lc. i Cjlid jjl jiJl £-l^ji £Xo^J tLlllliaJI ai& <xsJlij j»Uaj 

JaJI 

^.IsSM) CIiIaLLlII 4 n\M 4 j1j£i3Ij a?. I jail (jjlj t^^pJiLuj FCFS 4_ix»Jj^)l ji*. 

;(<JL^31 ^gi l_ujjI 3I jjjiij) L_UJjl3l Skaa, (^j! 

53, 98, 183, 122, 37, 14, 124, 65, 67 



!■_ima. CjUIL]! 4 _nll 3 4 jIjSJIj apl^all (JjjIj SSTF 4 _L«jjlji. cs^ 

(jjjlj (jlS-«s (jjj 4iLui-aJI i"))~v c(^jl ^-l^VI) ee-l^jall (jjlj (ja 

l_jjjjj (jjSja. Jai 4 iLuu> ^l^»j ^ 131 i_ 4 Li 3 l 4C1UIL]! jjajj 4 jIj£l 3 Ij a?.!ja 3 ! 

ijj La£ Cl)Uila]l 4-a.li. 

53, 65, 67, 37, 14, 98, 122, 124, 183 



(286) 




















Jl* u'nll ala 1 ^oisLLs 


41jVi\ 4 jU£]Ij opl^al! (j-u^ SCAN 4_u»jjlja. cA 

iLgj j-aj 4j|jU.,.l J£ ^,1 -n i4 4^4 jIaJ! jaJ IgVi .a) 4 jU£JIj of.lja]l (jJj (jl^-a 
J-a*j) 4jl^j]l J*-aJ (jl l-£-J JAJ 4iljlajujl j£. ^,'W j\ ^su*all Jj^ij La-lic- 4'ig 'N j 
C-1 ii jj (jli ^ULj c(,1* u->.a\l 4_LajjljV 4ulc- (jILiJ ULl^i ijl]J t.ll*j-aJI 4£jjlaJ 

(jjSjjai tlllllUl VaJla. 

53, 37, 14, 0, 65, 67, 98, 122, 124, 183, 199 



(_j-a I^J tllUila]l 4 n\M 4_jLiSllj oJ^jall (jjlj iJjVilijj LOOK 4_i<aJjlj^. cA 

(jl ^1 IgJ j«aj 4jljliui.il J£ ^.''I'V ;0| t^4j|ju]l jaj 1 g Via) Vllj£llj oJ j >&ll (jJj jl^-a 
jL-all Ji-aj (jl ojjjxjJIlj (Jjj 2) 4-ll.lJI 4A)^)la ^3 .ijajA (Ja3 i. lU-a ^ji.1 (J**aj 
L_JJa L-llla ^Jl 4jt2k^)]l jjj^jla 4ljliij ^^Illl jjLillall J£ ^.'i-y j\ 4~lg ■% j (jA *1 

(jjSiui tlAJUl CaAa. _(4jl^j]l Jj^aJ (jl ojjjAja]lj (jjili) .}ja.jA 

53, 37, 14, 65, 67, 98, 122, 124, 183 
Ijj jjlilUl 4 nVil 4jtSllj optjilt (_jjj Sj iJjVnui C-SCAN 4_Lajjlja. cs^ 

il^j jaj 4jl jliuil (JS ^.1 -n i4 i(4-)l§j]l jaJ 1 g Via) 4-jLiSllj ae-ljall (jJj (jlSLa (jA 
(_^l ^.AV) (jl (jj-i) 4jlAiII (j-a I-lll Ltalj 4 a 1_V)I (jjj£*_) (_jaji]l 4-jl^j Ji-aj La-lic- 
4jl£j Ja^aj (jl ^1 4j ^jaj La j£ ^.lajj jL-^ill (j-a l-lil t(4j!-lll] 4~i»-^ j i. lUa 
(jj-lC-Luall (_J-aa_)j jla £ajj laa9 (jj-lc-l >^»\l Ja~v j (_ 5 -JI j**-^all 4auaJ _(j-aja]l 
(jjS)ui ^l^j]! ijjLiUa]! Ca^k C-1 ii jj jjlS^j _(^Ij ol^jl Jlajua-a^) I^SAj (_^^i.l oj<a 

;JLiK 
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Jji I'inll aJai ^oisLLs 


53, 65, 67, 98, 122, 124, 183, 14, 37 



^^ ‘C-SCAN 6* «^ C-LOOK jj'cA 

1 g >~ 1<a ) AjIjSIIj of. I jail (j-« A t —2 31i\' 4_nlil of l^ail 

4jl^j (_1^3 (jjfL) J3) L- 21a j_jl l^j ^)-aj 4_jljlajuj! JS ^-N l3 

i—illa (Jjl (j^a i.li2 t(<j!.lliJ 4'ta-sj L_llla ( _ 5 -4j (j* UJ^) 4-2^2^ £y* i.A±2 

!■_ l\}-i ^)a.i 2_ijlj o^ jaLulIj i( (j^a^aJI 4 jI.1j ^^11 (jl o^j^yJaW-l (jjiJ) 

ClllaiUl <La.la. L_ujjj -( j^aja]lj 


53, 65, 67, 98, 122, 124, 183, 14, 37 
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Jji O'iMl aJa 1 ^oisLLs 




1 jj^aj !AL« .o!Ac-i 4i^)la]l (jjdiL ASja* L_)LuiaJ (jSLsJ 

JL=JI Ijdll (jlSLa (jAJ (— '1 >m*s\ jljSjJI ^daCLuU <i^L-a-a CllLiUaJI 

a^Lui AjIjS (j£u«J tFCFS jiu c"'l ill-ill AiLuus q )1 tu-d ^A!La r Cll j\)a'l j 


Dim req(10). Current Track, distance As Integer 

req(O) = 86 

req(l) = 1470 

req(2) = 913 

req(3) = 1774 

req(4) = 948 

req(5) = 1509 

req(6) = 1022 

req(7) = 1750 

req(8) = 130 

distance = 0 

Current_Track = 143 

For i = 0 To 8 

distance = distance + Math.Abs(Current Track - req(i)) 
Current Track = req(i) 

Next 

Console.WriteLine( "Distance using FCFS = " & distance) 
Console.Read() 

(jjlj (jlS-aj r£C[ CllLlila]! liaj-bj o!Ac-i 

cjLuaJ for J jS j Lua^Ij ‘Current_Track ^ j 

jJI ^ Uus .distance ^ ciiUiyi ^ ciilajjail 


■ file:///C:/Users/osman/Documents/Visua 


[Distance using FCFS = 7081 
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Jji C'iMl aJa 1 ^oisLLs 


.10.12 

LaCa. 1 ]H ~v .4999 c5-^] 0 O'® 4jl jA.«i 5000 CjjJ (jlS Ijj . l 

i_ki-a .125 ^ jANl ^3 (jlS 4~i,a. A JjjLuJI L_llla]lj i 143 ^ jAnS/l 

; jA l_jjjjj L-Luia. lg‘i.a, A Cjjj L ^\ dlllilall 

86, 1470, 913, 1774, 948, 1509, 1022, 1750, 130 

£-1^)3 1 g»,3-Tiqi 43 Lula]I ^aLo t(143) ^laJI AjIjSJIj opl^a]! 2 v® 4-j^A 

Cl>laaJ)j!_jA]! (j-a (JS ^1. ALulj idlliilall oCA CaAaJ 4li£^)a. ^ 


FCFS 

SSTF 

SCAN 

LOOK 

C-SCAN 

C-LOOK 


JaJI 


l_jjjj 111 j diLim CaCa. ^ILui :FCFS \ ^j) 

143, 86, 1470, 913, 1774, 948, 1509, 1022, 1750, 130 

7081 Ac-jJaLa]! AsLmaJI ja'Sxi 

i_ujj!i]lj ciilAlall ;SSTF ^1 AL«li (4-1) 

143, 130, 86, 913, 948, 1022, 1470, 1509, 1750, 1774 

1745 Ac-jlaLa]! <3Luaa]! (jjSj.u Cilia. 
^ dlLUall ^. Au« SCAN (alcAluill (^) 
143, 913, 948, 1022, 1470, 1509, 1750, 1774, 4999, 130, 86 

9769 ^Lua j-aa-al 
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Jji A'iMl aJa 1 ^aAsLLa 


CjLikll ^Aili LOOK 4xa jjljii («^) 

143, 913, 948, 1022, 1470, 1509, 1750, 1774, 130, 86 

3319 i 

La5i CAllaHaH *LaAi>. ^aj ;0-SCAN 4_LaJ)lj^i. (-*) 


143, 913, 948, 1022, 1470, 1509, 1750, 1774, 4999, 0, 86, 130 

9813 (_5jLC] 4c-_jlaiLa]l 4_sLua-aJI (jjSj t - 


(jj£j 4xa jjljAll oAA ^ ClslfHal! LaAi. iC-LOOK 4a-a (j) 


143, 913, 948, 1022, 1470, 1509, 1750, 1774, 86, 130 

3363 ^_ 3 a > a ) 

H n^jVI (_j-a Ija ^21jt-a]l 2* l^aV lilli ? ^cJla-a]l oplifi ^ya DMA CjJjI) *- 'q ]5 ,2 

(JLaC-lj ^alAll « jilt*. ,'jj ^^pJlj Ji.A]l Cl \\ i\ac. Ajulli-aj 


Uj 2 (jl£ I A) .3 


23, 89, 132, 42, 187 : cjUUI ^ * 

199 J\0 {y a 4-a3j<a 200 CLlUlj)!■»>«' * 

100 i_s^ 1A*s oa-lja]! (jjij * 

JS ^IaVuuIj tC )\ 13-4' oAA LaAaJ ^ (_pa^)a3l ijA ^ g »liS 1 <^1111 AflLuual! L. U«-0 

;4..t\lal' CllLi-a ya 

FCFS • 
SSTF • 
SCAN • 
LOOK • 
C-SCAN • 
C-LOOK • 
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Jji t'l'iMl aJa 1 ^oisLLs 


(JaJI 

276 ! Ac-_jlai4l AilmJI ]FCFS (!) 



273 ! Ac-jJaLall AiUJI ;SSTF (l_>) 



101 : : SCAN (<r) 



241 : <al^« LOOK jj'_^ ( J ) 
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Jji t'l'iMl aJa 1 ^oisLLs 


366 : :C-SCAN ^j'(-*) 



296 :C-LOOK jj'j^ (j) 
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Jl* t'l'iMl aJa 1 ^oisLLs 


j±. jjjUj .10.13 

? La& La 4(_j jLuj (_j-a (jjSjj _ 1 


4aj^)]aJ (J-aLLL) ^HSIj (J-alstJJ LaAAa.i oJ)£^Vt (j-a tilll iA .2 


? DMA d*c- ^3j .3 

? 4_Ij.la. CllLl-ajjl_yL (j-a (ju-a-N .4 
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t'l'iMl ~oisLLj 


cjLII 

djliLoll ^uJLa 
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t'l'iMl ~oisLLj 
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Jji Anil ala 1 ^oisLLs 


jdoC. (_£AL^JI L-lLl! 


(Files Manager ) diliLall ^}JA-a 


■duLi^ll ajSlAlli lAA^^j pljlil dlLa_jLt-a]lj CllULnllj ajSlAl! jjAa ^ mj 

‘(short-term storage) <_s^' ujJp^' i> £jyl' 

(Jjjla (jjJpAllj ^yAuU La jl Alijla ojjal dLaji*-<H ~L»» ^ liq-sl ^Li-y n« Ullc- LiiSlj 

sjSli jjlj (j^a]l JjjL .(long-term storage) lS^ 

(_yza\j)2^\j QjaII L_lL-all (j-a^)!]! (JlLa) ajg-^VI oAA i^LJj j»L)V l^jLljla-aJ 

.(file) 1 _ifa^ (_^A oA^j-a 4AJ^)laJ (JJtAn11 ^Uaj Igjua dalxil ((_ji!ila]lj 4_li_jaAaIl 

oAA ^^3 ellliLall ^-l^jiuilj jjjjd dll )l.aaM (_)i» Anil ^Uai j)A f. dllii/ll jjAa 

.(^'aII jjjiall a i) o 

jl La-al^jj jl L-aj^aj dlitS a-ljjji lg£-l_jjlj LjjljLiJ jjjSLuj dlliLall jjAa jjjAj 

^3 l g lu jjxajll ^jJaluij jjlj t(4_LUj ^lSjl) AjL^jj jliu-al (j£d ^3 4jjda tLiljAal 
t4jjlg j L_iLal! <j1Aj jyl dl^jaj jjis tig 111 <a_dalj AjAa. (jjA A^lj jjl£iA ^^3 4j jda 

_4Ji)Laa. jj^jla Ac-_jj dj>*j (jlj 

Lij*j j^3 clic. 4 jLli 4Aj3a 11 (jjJpAill (Jjj^al3J JSj dlliLll jjAa ^j3J 

dlli ,gll Laj l g 3Aa. 1 <_Ll£j tl g jlml L_ij£j Lgj jaj (j^a^iiHj IgjlS-aj dllil/ll 

£-a (J-alxLlI (j-a 4_ifLal) <jilai-a 4g^lj ^AjAL-j-all ^)3jj l <al li ^dliLLSI £-a ^i-lAall (_faLdll) 
^jujL i—alall Jaiajj 4jj3jl (J^la. jjA (—sIaH i_ia^)*J _jg^ tojjujxa iijji^il dil ql-all 

(_£ I Igdijd jyl Uj»j (jl j)jA dliLLSI ^gdlij (Ja*jj f—sAajj t^jgjLaj ^dalj 

_d*daj dlljLuj-a jl ^JalLa 

CjlaLall o^)! jl d_a)jAl .11.1 

](_JiLa tdlaLall ^-a daLtlllj (jlat’i j La <_s^ 

dliUI a tWj tiLaLj • 

.(j^ajill ^^3 i_ sIaII j)lS-a all eULi.1 • 
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Jji t'l'iMl ala 1 ^oisLLs 


.Ajllifaj o^I^S (_j-a dlliLall C ll i\.ac. • 

.CjliLall <i£jLuu» jjSjli • 

.CllliLaJI ^jic- <jLaaJ1 jjSjJ • 

^uaii]! dlULaxj AjCLalic-VI jj3jJ • 

‘—aL«^l c_fljjxj .11.2 

!iliLa AiLjjlli tA ik3Vi.a A_njj Aii^ilc. Clllj CllLa^i*-a]l (_j-a icjAi-a _j& i_iLall 

£- jjJzajA (_ 5 jlajj (4 i'<i 3 Vi,a A_iij) C' ll "sku-ij CllljiSj _jjla■ aj C'll-aK (_ya (■ jlljj 

.(Ai£/lc. Clllj Cl)Lajl*-a) Aa.lj 

(jjSjj i"';■*>. t (j^ajA-ai]l Cllq\,a (JlLa (A Kjg .a JJC-) A_m]l (jj£l) ClsliLall 

I ClsUlnl! Cc-ljii CiUU Jla aJ£o£-« jj£i .12 j tjjlam j <-_aj^)a.j CIjUIjLj {ja <-_aLall 

.ClL^lajoij (Jjia. (j-a 

A.L.i.lL.i .1 ,jc. ajUc. (jj^J ^^lillj A Kjg XI jjc. Cl)lila]l (jjjSil (Jjajuii]! ^Uaj ^c-4j 

CAlAA\ ^ja 


(File Attributes) l —<--ilL^a . 11.3 

jdaj (_>=WJ (example .doc) C)A A.. LiLm oClc. C-klall 

Example ) ^Vt (ji ojji^allj ojjAil i_ijjaJ! (jjj 

.(example .doc) (.doc 

• JlLa Cl'1 i_kLa JfU j 

.(name) ^Vl • 

.(type) • 

.(location) • 

.(size) • 
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Jji t'l'iMl aJa 1 ^oisLLs 


. (protection) • 

.(creator) • 

.(owner) • 

time , data , and user) £jjU3 !j t>ji' • 

.(4p*j j (>j ‘ «-^V' j t>j) ^ (identification 

dilaLdl ^gic- CjULaxII .11.4 

jSij idaill <-_a!>lii.lj (■ a Vi Vi ClliLdl ^c. Jiiij (jl (jSlaj <aliVa C'lljUc. tillli& 

:4-^ 

.(create a file) 

.<-_aLa 

.i—aLs vAjSJI 
1. 'll-a opl^)i]| 

.(append) 44^ c4 CjUUj AiL^I 

.(seek) tjc ciiaJI 

.L_aLa <- i.K 
.(ViLljlia-a ^jow») i—iLa £J^)iL] 

.(get attributes) 

.(set attributes) jl 4iL^I 


i_aLa 
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Jji C'iMl aJa 1 ^oisLLs 


diliL]! £-1 jjl .11.5 


diiaLdi 

jl.SL.Vl 

<-a£-all 

(executable) 

Exe ,com, bin 

■llfliil] j&li. 

object 

Obj , o 

£-a <JaJj 

^ U^il ^glk. ri^ ^ 

(_g.Vs‘n 

(source) 

.java, .c, .cs,... 

AjtL L-ljlika ^Laj^jJ 
C*j AlLa^jj (jSl 4ii»< 

(Batch) 

Bat, sh 

^IJaj (^pa A jaa-a 

(JlLa) i kLa ^ A y' ] dl* >mMI 

(dir, els 

Text 

Txt, doc 

^]c. i > n<di Au*Vl ^Ijj 

(Archive) j' 

Are ,zip , tar 

lg,'i» .>1 Cl \\ q\.a\ i^ja a 

.ik j <-ALa 


access method Jcij^ 3 .11.6 

.(sequential access) J • 


.(direct access ) dj^j • 

Directory structures .11.7 

(minidisks) cs^ (partitions) <Au>al J) 

,4j <j cjlildl tjc. CjU jk* <_£ jiaj (partitions) ^ JAs ^(volumes) j' 
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Jji t'l'iMl aJa 1 ^oisLLs 


IjAmJ La ^AVumI ^->}-aLa «jj- ^ ^3 l^La AjLLLall Clllilail ~'L.V'\ 

^jic. ClsLila*JI .djliLall (j-a Ac. j-a>-a ^gJc. (_gj Lla-a (j£ Lina. c ,*i\-N.a\l jl 

ila AjIL Han llia-aJI (Jj iCl)liLa]l ^gic. (_£^jali iLlli AjuioJj ojjiiS Clll.iia-a.JI 

Single - level directory jl' <_s. 11.7.1 

V tdJU 4.1alj (da-a) (jt^a (_s^ A-lajq-v.a CjliLall (J£ (jjfij 

.(-7) ^jujLj (jJfiLa A_iaujJ (_j^aJ 


files 


I >1 i 


7 


000-0 


.■laJjJI (JJaII (_£jlnu» ;( 1-1 1 ) (JSaul 


Two - level directory oA^' <_s.11.7.2 

a-Laml ^al-lalinl A i^.al aAalima JS ^^JLilljj tAj (j<al A JjJa Aj 2 ^.^Vniu 

(JjJ.1 ^ ^jujI (JS (j£l <—kLall ^jujI (jSLaj) Ale. A-aAVnu-a dnl£ j]j ^^lia. 

i iti-v-a 
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Jji AY'll I aJa 1 ^oisLLs 



ls : (2-11) ^j 


Tree structured directory c5j^' .11.7.3 

idlilS Ajjj La£ AliliLa 4.ia>.uj ^.'iVnu.a (JS ^-iLaiaU (JJaII ^ 

^uili (jjiLa 4-i.adi aI^jI j] liLa (j^J ifjJjdVI (jjA^'N’ni.io'l Ale. l^JlLa e-Laxjjl oA_j^_jxi 
^ iLUa (JjlS ^jJalmj (jJ Ai£l ilAA^jl (J2 a ^^3 <1a£> dll A i" ll qlxa ^vaVi jl Aa.lj 
Jjflxa <J ^Aiduia JSLs t(J£Lda]l oAA JiLa (JaJ jj^)y dll (JJaII e-La. dllil i^^gjLnll (JjIaII 
^a-llalj AlLlmJ ^Lilllj dlllj.~.u.u.all (j .a <L^jA ClllAla-a (j-a Ajl La a-111 ^3 4 jj^JI 

jA lAAj .eLLl La CllSjj (_£Ajj LaS A^lii-a 4xa^jj Halida CllliLaj dllAla-a 

4n,hll (J-l».Au]l ^Jal ^->l-»».a LilLa. ^ALall ^Ualll 
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Jl» t'l'iMl ala 1 ^oisLLs 



■ lt * j' cs:( 3 -l 1 ) 3 ^“ 


Aj^l\ .11.8 

<Lal& Clul£ 13] 4 >. st \ L^laLaa. 1<~- J-aaJI collie- c. 1 ml\1 ^3 ClsLajl*-a]l laia> JUC- 

:t> ? 1 g j.a'si (j- 4 - 4 (j^J .4 jjjjjj 

.(reliability) <jj' j^VI j <^Luc.yi jjs ,yi] 4 (damage) JUacVI • 
I^jj^ jUu^J ^((improper access) j^=- Jjl') • 

gJalna.^1 ^all .11.8.1 

Cjlajla-all ^^JaLiiaJ ^juij (J-aC- _jA (JUaC-^/l (_ya 4_jLaaJI (Jjla. -la. I 

l^alii CllLlLaallj j f.!iLa*ll ClsljLlJ (jjSLuj ^^ '.'11 ^3 ^AlLa .■‘Lalgll 

.33 .4-JJJ.3 o^jjA-aJ Igl ^gJal nal ^juii (3-aC. qm Aj^j 1.3a 4-al& 4pl.ll] j 4.lajui qm IgJ 
\A ilj liBij ^c-al^JJ 4jauiljJ jl 4jajuil_jJ £Cjuii]! ^aJJ 
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Jiar Anil aJa i ^oisLLs 


ji jjajill (_j-a £.J>aJ LS^ CllLaAa. Jjtalllll ^Jaj (j >») ^)3jJ 

!^ aj ujJ j ^cjuii]l 4 J.aaM ^jib JjjAilj 


.(4-11) ^j ‘System tools <J^ accessories cs^ Backup 

(jjJjaj oA^j oAj^.j- 41 ClllAUI 0x13^)21 Ia& ^Aa3LmJ Cilia. 

(jjiiij (_£^>a.i a^ya (j^a^all ^j 4 ilnl n~sV' 4 \»i ill ^-LajlLoil (jS^sjj _(_£ 


.(restores) 



-XP JjAiij ^LLiiaVI j^«U jj :( 4 -l 1 ) f^j 

lil CllULnll 'LaTLuj (JaVI (^glc- ^j-a^'l ^jaLiia'lH 4_lLaC- 

£-1^j!LjiIj AjAa. jail (JlAjlml TllLa ^llaluila il^J^a.] i_5-^ *-42^21 

-t _gJal naVI (jtk^s (_y« t^LULij 

<J ojk^a JI CllU oil .7.8.2 


^»Lla3 ^)SjJ dlia .Jj^ajll dlUjAi Ig i<a ^^liCl ^ya kjLaaJI 

oAIc- klLaaJI ^33 .^21 ...iAiijj ikjliiS i Of. 1^)3 ^_ya Jj^ajll £-l_j3l AAa kjLaa. (J-)».A'i2I 

jl £i*j ^.21 (access permissions) caUjaI kkJjj 

.4 i-a^-all CllliLall ^Jl ^j]l ^ya 
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t'liMl ->h i ^oisLLs 


» i,a ji ->g **> i<a (3^4 (Jj.l-o.^~*v~n«.a\l AAau 

iJlLa iC \\ q\.a\l 


.Owner 


.Group ^ \]» -a <c. j ^ -N xa • 
.Universe • 

.1w i CiUUll ^11 j ^ A\ dilj^jl ^j\ jl 

Ui-aJjuj 

XP jj-^j Jj^=jl' j^' .7.8.2.1 

^j-ojuU l_UjJJ l$J aislj jg iaJ.‘ii XP jj-^Jj cs^ a£jLuu> (J-aC. alOji lil 

dj^j CiUjiij (group or user name) cb^j Security 

Ii) Tlia ‘(permissions)J^^ji' gdjjl i> <_£! 

c^' ^j^VI 4 Jj^aji' ejUjil siaU j$Xu a Jj]l ^Ijs ^ Administrator 
Jia (permissions for Administrators) ^o^j 
CjU jil a*lE Uj c(Reaa & Execute) j s*lj^' j' (full control) 

.(5-11)^'^ 
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Jji C'iMl aJa 1 ^oisLLs 


General ] Sharing Security | Customize | 


Administrators (DESK01 ^Administrators) 


Group or user names: 

m 

C osman (DES KOI Sosman) 
®SYSTEM 


Add. 


Remove 


permissions for Administrators 

Allow 

Deny 

Full Control 

□ 

□ - 

Modify 

□ 

□ 

Read & Execute 

□ 

□ 

List Folder Contents 

□ 

□ 

Read 

□ 

□ 

Write 

□ 

□ 

n .Y. 

c «««;-.! D«,r«;— 

n 

-or special permissions or for advanced settings, 
click Advanced. 

Advanced 


.XP djUjii ;(5-l 1) 


cs^ CllUjiS .7.8.2.2 

^.Laj jl idlUjjl AjA] i_aLa _i_iLa jTi» ) (_yuSjj ^^3 

w) t(4 r) 1 iLal] (_j a £-1 jjl c4!lj& ,Aj]I 

CliTt!) tillLi&j ( t j! JT) ArVr ill j t(2 



Is output 

(owner) 

rwx 

(group) ^ 

-rwx- 

(other) ci 

-rwx 


^HSl hoStS *—LS^" AjLaaJI 43jje-a ll£^aJ !illL<s 
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Jji t'l'iMl aJa 1 ^oisLLs 


Is -1 /etc/hosts 

LaS jjj£j3 

-rw-r-r- 1 root root 288 2005-11-13 19:24 /etc/hosts 

;o5lc.l JJjgjj 

^ -rw-r—r— 


owner = Read & Write (rw-) 
group = Read (r~) 
other = Read (r~) 

tJaa3 l^J.2 4c-j-aa-a]l iUUSJIj i "]\ i-y^L^a 4 j. 2 tillLall (jl 

_Jaa3 4_l^5L«a 




(jj^J cs^^J Chmod J-«V1 4jLaa2l lal■ aj 




Usage: chmod {options} filename 

.(1-7) Jt> 1 a jU^-' Options 


Options 

Definition 

u 

owner 

g 

group 

0 

other 

X 

execute 
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(J)X ^)Vl 


w 

write 

r 

read 

+ 

add permission 

- 

remove permission 

= 

set permission 


( *—l(l“l 1) 



cij^ .11.9 


(jlS-a jj i ^3 LliLajLua 111 ^.a>.i.l1 ^^juiIaa]! Ajjj-a 


o^A (jl^-a J)-v~\j cJu£i liA 3-Vi AKtu-all (j£]j 

CjUU jJ-la ^-juoiJ ^ lijliLa J)-N•*.' 4 q V i A .a Jj^Ia ^A ?djLaji*-dl 

.i41j Ji aJIc. CllULnl! ^^.jiuiJj (jl LiA 


(308) 
























J]* t'l'iMl aJa 1 ^aALLa 


Jjda. .1 1.9.1 


d_)laLaJ\ dsLajLt-a I^jS (jjpj dsULlJ o^C-laSi (JjA^ dllilaJI jjAxa a^aJLuU 

i - ilia, j La.dc. . t_kLkil <_kL4l ^uujI (J!La i_kL4! (jlS^ ^da_jJ 

(^3 i kL4l ^uujl (_jc- dlULkil jj-la dl*\ \lm 4(_jj*-a i kLa ^Ii3 (_])»dll]I ^Lla3 iLa ^•y'in.i.a 

.iwkLal! JjAaJU dlLa_jia-a]l ^Vum 1 


^j ClliLkSI (jSLal 4i^>*-a ^ ili'uiil (_j] J)-N -\W dj-^ dlliLall JJda Jla3 lil 

.ojjj5 4J5juu» ?r u^it j IAc-IajujI 

cA (File Allocation Table (FAT)) djliUI j^a. dj^?. cJj^aJ Jli* 

.jjAjj d**2d]l ^Lkj FAT32 j .DOS d^ii ^Lkj 


(—aLkll (jjJpJi oda.j. 1 1.9.2 


^ 1 g l5\ tdulj 512 4jjlaj ^Jalkll (j^ajk]l ^k oA^j >.-ii 

dllkLall (jjJpJlI oAawjS dU.'iVuu' lili tl g -a>*v ^)* dllkLall (jjj)idl aAadmJ 

dij-s ‘(cluster) cs-®^ S-^j ^^aduu o^lc. dllil .^lAH I^a 

64 J) 4 J^ju ^ cd ^9 32768 cd! 2048 o£ ^'d' £-<^' £j'jkj 




4Jj£ 4_*1£ ^.‘'iVumUu 


.l^-La (jduull JgjAilm d)lkl4l (jjJpjJ 4 gll-v-a ‘4H lA 

.(cluster) j' ^Uakl' ^ 


(contiguous allocation) d^ (jjJpJ . 11.9.2.1 

3 ^ ^^ ^ L o\^ dllkLall ^Uaj lili .4_jJt2La d-^ <_d d)liL4! (jj>id liA 

^jki] (j-O .<—kL4l (4 2liii>a) <c.jli Jj£ 5 Cf~ dia_Jl 4 )\»3 4 (_]j£ 

(j51j 4jlii51lj of.ljk]! (j-^0 (jV cs^ 

JJJ^' *• kw\l L.liuij o^c-liLa djl&lja (j- 4 ^ 4 

4_iJldLa jjc- dllc-l^jkil ojiA (_3° o^liluiVI <3^4 V jtdjlsUl 
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Jji CiMl aJa 1 ^oisLLs 


(jJj'Njtu t(4_l]llLa (Jj£ ^) (jajill ^ i—aLall (jjJpCu CllliLall ji.la j»j3J LaCic- 
(Jjiaj tlg_l a_kLall (jjjpj ^ 4li£ (Jjl (jljjc- Jp-aJI (JjCa. ^ (—iLall CllLajLua 

.(7-1 1) (JSjuJI ti_kLa]l £-a (Ia_3>~nj ^^lill JS1I CCc. 1 (_iLall 


_ count _ _ 

oO lO^O^O 
4dl slHl 60 7 O 

8 1 I gO'oO jO 

12 I IgO u| 1 15 | | 

00 «□ «o 

mail _I ___ 

■ 1 1 21 O 22 I |23| | 

24| I 25 I 1 26 1 l27| | 


list 


28 


J 1 29 l 1 30 O 31 O 


directory 


file 

start 

length 

count 

0 

2 

Ir 

14 

3 

mail 

19 

6 

list 

28 

4 

1 

6 

2 


:(7-l 1) f»3j 

(linked allocation) cs^'j . 11.9.2.2 


a 'llxi (JS (j^aj Cilia. .^liLall (_jjJpCiI1 4ii^)la JSLoua ^dlxj <UL^)la]1 oCA 
4li£ ^)a.1 jCujj Lailj tlfrllli ^^lill 4 4_Sli£ (JS jjdli Cilia, tig £-a 4 li t'ija (JliS 

AajJ V) (_^aja]1 Jaic oCc-liia (jSLal 4c-J)j-a JllSlI C3 . 1 - i—kLall ^ 

<-_kLa]1 Cl>La_jI*-a ClllALall JJC-a (JajaU (j^a^)!]! a 'sl-all (jjJjall Cic- .(4_iajla. Clllc-I^ 
.(§-1 1) (_]£LCi!1 t(4_ii£ (Jjl ti_kLall ^jujoI) (_y-^ (JjHa. ^3 
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Jji CiMl aJa 1 ^oisLLs 



.yrMj L«j^ :(7-11) 

File Allocation Table DOS <Akj ^>dl 11 a 

.(FAT) 


(indexed allocation) Ch Jp^ . 11.9.2.3 

(jjJpClil 1 g l.a clalLuus jliJ! CjUdjail 4j5Luua (jjjpjl! (_Ja. 

jCuJ^a cs-l^ ^dli£ (_JS Cilia. 4 (Jj£J! a jCCiLa CllljCuj-d! (jl 4_i9 4 K>«.a\' 

^glc. jjj-dl 1 Ijlc. Lajlj ojCuU-a Vm< 4 Jj£ xjkluij ^ ^liilljj tlgjti 4 1 j£IS 
.S.IAH (^Jc- JJjJ dox» 4ii»< 4 ViS\ (T^all o^^a-Vl jil aAalj (JliSJI <_JS 

aA^lj 4_ii£ (JjSJI (JS (jjjlic. ^iCa^j lillij 4 K>«.a\t oil* (jj_)aCi]! (d 2 ^ 

4 JISII 4_jL (jjjlic. 4j!iS (j^ajillj (jJ>aj i_iLa (_j5d (jj£L}3 4 JjS 

.(8-11) i^-iLdt 


(311) 





















Jji t'l'iMl aJa 1 ^oisLLs 


directory 



:(8-l 1) j JfLi 

a4_!j£ ojjaiLLa 4 4 j. 2 (jjiJ tLjlcl j3 4j A^jj V 

aJSSII (jjjlic. l^ja ^jjp_il j!i£l j! 4_Ij5i j-N-vj <i£]j 


4jjoiLl<tt]l AjL^la]! ^A La _J 1.9.2.4 

4£-jjoij Of.li£Lil (_5-ic- A<uxj (_])» >«Mt ^Llai ^^3 ^ jla'l>u ^3>**>11 Ajjj^la jLiii.1 

4jjuj11a]I t5 Jc lijl n-Ll jiijj (J-ai^c- aiBl A (j£]j 4 

.^Uaill ^IjlaJLail ^LiL^la Jla 


(312) 






















Jjj t'l'iMl aJa 1 ^oisLLs 


? Cl)lALa]l jj.la i-_alCAi ^^A La . 1 
? i kLalt L_ijc. .2 

? Cl)laLa]l Cl ll L.o (j<a (jj.i.a-s .3 

? CllliLall (^gic- ^1L CllLlLastll .4 

? LaA La ‘(jJJ-a^ (j-a dllaLall 4jLaa. ^alij .5 

? 3' L,<-.VI UliliLs ^a\i i_aj£ .(5 

? lillliLa ^^-aaJ <_LlS .7 

? ojJp^' tij^ 3 (> .8 

? ajjaaI ^ Uj ^allocation table Jj-^- > .9 

NTFS j FAT32 j Fat j^' Jj'^ ip ^jilVl cl*J .10 

? 4-9^ uJA? 


(313) 






cjLII 

♦♦ 


(314) 







t'l'iMl ~oisLLj 
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Jji t'l'iMl ala 1 ^oisLLs 




,1311 cjUII 


(,Distributed System) 

.12.1 

i ala. aLutil (Jlaj 1 a n ) Ajl la -q jj (J^la a ^»Llaj (_£i JSLui ^jJadJ 

O^c-lill oLa (_jc- Pul) V ^lVi _(_JJLa ^j (_J1S ^Lj (J-aa-l J_j£a-all W\IS 

aLi*l! (j^Jj Liiu 3ajjujj j^3 oLi*ll aPklmj ^^111 A^aljll ^)3 jj 

^uUll (jlS jjjSII Ag all lg-i3 <JLij CllLiaa^J! i"i.vjaM LaiS Ajl (Jjii oAC-U 

^aLul) Ac-Jjj^ ^laj a-llil JjPiaII Ag all tillLS ^IaVLuVI aI^luij SJyujLa l" ,1 

pL.'\1 ^gjoilui) i a PA ^IA'VLuL/I Aljg >«3 .Ac-_}_ j-aii i“ ,1 a i \ l-»'i\l $.lij jjjuii, 

(alllSxuij ajjgpj (j-a) ALutl! Cl)l.l)ixjj (jjLu Wa (^lill A )3l Lull Ljajl .Ac-jj^ll 

.Ac- j_j-ali A .alVi^t £ua (J-alxSlI ClllPiaxjj Ajj*_ua All jj ^3 Ac-Lul) t_aAA 

^alpallujl La Pa ^Jl Ajuill ^Uaj A_jaj jjc- (_j-a jj-a (Jjailaj s-^J 

.(Jjatu'a) ^Uaj jjc- LP L-Luilall 

Ac- J)j-a i",lqn3a‘i a-liil aI^jui ALjj ^AVn«.a\\ ^)3 jj A l", 1 q.i3a _jA Jjj-al! ^Uaill 

^Uaj jjP) llA AjIP) Lall5 (jjauTn ^»llai jj-all ^Uaill (j_jfL) (_ji (^}£LaJ 
(_]»1 alll Ac-j_j>*]l l" )\ a i AjSliluJI L Li \S ojjaJ AiLpaVL) (jALtll (ji»PiMI 

I.AgJ jAj (_ljju.aj ^Ua) APilaS j^ail ^Uaill ^g-Lllj PSj .Aalj jlga. AjlS ALiall 
i" \\a i \ la~i a-Llal A \g >m AAij la-a (jLLVl (J)* ^ ) A^a_jAl! (_^aaill J-aSj 

' 4 jc - j_j-a 
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Jji AVill aJa 1 ^oisLLs 



■t. j* : (1 -12) ^j cJ^“ 


cJ-r"’ f-— 

;JiLa ^1 g -all (j/a jj!i£]lj p jj^all ^llaill dLia-a^ ^»j£) 


liljLiull (j-a ^g'lUnJaij (jj-aAVnu-all (jjSdii pJ)_j-a]l ill Al’ic. ejlA] • 
aUc-j Adijlail oj^a-VI l ojSIaII i dll>ll»,all <J!La 4 (reSOUfCes) pjlj-^1 

A^uall 

) » r- I jjL dULnllj ^pil j )i]l ^ liljLuall jj3jj • 


-C5 dal jiial A^lj L-Lmla. A-iiljjj AliiaJI (Jj^aalili a-LLi.) • 

J j aJjj]' pUaj £-1 jjl .12.3 

AjSuIL ? jjjAj jl tliliLa jjAijj jjjAj lijujlaw LlljjA&l jl dljl^j La 

JS (jaLuii (Jjidall ^IliiS . (Jjjtdj ^Oaj Aj Ad j)] (j^^lall Ac. jlii ^Ic Al^ajl-uj 
dlijoila. Ac- j-a-N-a jl 4(JUij jl iLlJjSj^ jl 41 )aa\ni 4- UulaJl lift (jl S> aljaui L.ImLaJI 

A^Ldj A_laJJ^-a 


(317) 























Jji t'liMl ->h i ^oisLLs 


jillaj t -)\ 1C- ^^3 L-luilaJI (_lal*Ii]l (_5^laJI ^.'i J v~u«.a\l ^ 

^J) ji».liflilS C1 i 3(jjj.l ±q oilj jjjSLII ^c-a^jxail (_gic.j 

..ilidl ^1,'l'v'ni.il 4jjg ill ^mLmVI (j Jt >h‘i 11 ^Jaj l_S^A (jil .((J-Ut-iZill ^Llaj l_ ll 1C- 


^g-a j^3 (JjjuJajll ^Uaj i— jLiC. L- 1ml~v\l <_la*JI 1 jjlA iiLj ^llaiLaiJ V ii!3^£ 

/ojjujLui £-a J-abCill ^aJaluU Vj ClUnlilll ^A^LuuJ] 4~i i-aAlS* 

;LaA ^gJj ~1*»< gJ-aa3J (j^.a) 

^cJljt-a (JjXijJ ^Uau • 

_^c]l*-a (_j-a jii£i (JdijjJ ^llaj • 

; LaA ajjAj f ->>u3n .I^lj]' pdla^a]' (.Jai.Jij ^Uaj 

.(monolithic) ls^j • 
.(modem) • 


.(DOS) £ jj-« (»Uaj • 
.(NOS) Clil^jjuj (Ja xjaij ^Uaj • 


(318) 














Jl* dMl aJa 1 ^oisLLs 



J jaduiH ^Jaj :(2- 12) ^J 

^!j]l ^21*21 ^sJaj .12.3.1 


4 >m 4 _Ljj .^.Ij ^ 2l*-a 4_j l_iml2ic. ojl^U liA (Jjidill]! ^Uaj J 

a j j2i*Jl qm o^lilLui^U Ajlinjajj ~.i-id< ■ n*" 


jljic* a^jljl 2 )* d 1 ^ ^UaJ ^ 

.Sj_j 2! dilqnli’ill dljLaij _4 _j3 2^)122! j 4_La (_ga-ililLuiVI (j-a (jj' 0 '' 1 '**'~u«-all 

J£) 4x. jui j Cjlli±kl]l <jjj j<2 dira. .(multitasking) 

(_]£ !■_ n>.Vi J5 dlla ; ll3aj]l dj.Mj I2£j i(.Sjj2l ^IjliJLujI ^ Ulaj IjLli^aj 2klj Jjjjjaj 

_.Sjj 2I aldklml ^^3 (_^ulaj 


.j_ua3(-iSl 1 g ) (_j^s d ll 3 nli’ill 4jLaa. _jA .Sjl_j2! 4iijLuLa d ll 13-Vi.a ^Al (j-a 

i ojSIU! (_}jiij dj£l_j]l (jjdii L*-a "l_j" j "i" ^jliiJaj Uj 2 ,jl£ j] !>HLa3 

dlUnlVill (J-asda .(jjjSaJlj "c_l" (Jjjjalll djljllj ^jJc- (j' "'" ^-a.2 !>li 

^auaJ V Ldaji .Ul^auj (Jjadoll ^»llaj IgJ IAjSjJ ^^ill dll (_j-ada 

21» d'l 11 ^1 In 1 j JljJ a-lc-dLujI (_jc- dlli ^JJ Lajlj 2ixl] ojdilxa ^ ijlallll 

.(system calls) f^ol' djl^ldi ,^2 


A^filj-aj Juc-l^a .2.1 (jjAj dAfl-lllalill (_k-aj !il3 2i2! jjjjSjuj (_)i»d‘lll allai 


_4_La 
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Jjj t'l'iMl aJa 1 ^aAlia 


; laA (jjJJjuUJj (jjjifL (ja UjSLa oAaj (Jjid2l ^Uaj (J^jg \ U^jiaj 12 

.(Kernel) 42 jj jl J22i2l ^Uai ^23 • 
.4^2j! aJi^/lidl jl (User) p ''•S - ' ■ "2t 4_a.Lma • 

2j2l .12.3.1.1 

d )\ )°j)la j ajSlij ^dla-a (ja 2221 ^^21 £^1^)2! ^^A 

jjJjj Jidj LS J^\ L-imlail 2c. A-UiU.1^1' aj£l2lj (Jaa2j ^^21 ^jjAj ,IajJC-j 

(_£I Juajjj 2221 (ja £ j^. (_5^ (J_ya<a^JI ^jlaldi 1 g lac. 4a n!2 .Cl>lai2a2l 

( ^ill l^aS Laj jalj^M £-l_jjl (J2 -liA-UJ ^ j.akha liA ) lAAa_) jl \ g a \ a ) (jl j)j^ jaljl 

.(d-L/l-Vtuall £Xaa.j a^)2l2l <2j>^.l ^].a> £a a^jdlla (Jal*2 

(i_SL>22I) ^Vimall ■UkLui-a .12.3.1.2 

222 ( *-2a2aj l^J!22. (jaj idlliulalllj ~.Wn.i2t l^jta (Jal*2) ^^21 4 ^_a.Ull (_^A 
. ~ W~i, „2I 4 ~2 nu jl ^A22aa]l | daj jl ^Ai2uia]l 4 ^_^lj ^ad UI42J c212 2 Vil a nli'l 

^Uaj \^j 3 ^jL ^1 aj2l2l] (Jjaaa^ll j)5LaJ !2i i222I ^dtlall (Jjaa_jllj ^a>.aJ V liAj 

p jaJI (J2ud2l ^llaj AW .Cl22a-ui2l (_J2 £-a (Jalx2l (j2aj i!22a (_]2t_d2l 

L$2I (Jjaaajll CllqnlVill (j£aj d-L^-Vtuall j aj2l2! (ja 421 (Jj^a_j]l ^j,a>.a2l 

.((device registers) * j«-?-VI dj!l*aaa J) a^>2Ua Jjll ,*2aj) 
^Aa 2 aa 3 l £jdsjl j2t2)j i el_j 2 l £a2j jjjfL) (_)-}»-d 2 l ^ 2 aj ^- 2 ^ ^ 2 l*- 2 l 2 l) La Aic- 

_^Ai2ai2l 2^*1^ 222 2 c. 

System ) K2I d2<22 ysc. ^2 ^Aa2uia]l £2aj ^gJI ol_j2l ^daj (ja Jjadll 

jljl 12 !2laS _ Clll^iildl] j\2dl (Jal*2l ClsLaAi. djla.lAi]l oilA jSjJ uj% .(calls 

2)*d2l !•»j .) 4llj (_g2 in« 4jli t(__^a^)2lj j)2^-a 1 _2a (ja dlULlJ o^l^S jjlllaj 

_(_j^a^)2l jja dlLa^Ltall y\ 


i ^1^-aJI 4ljAa. ^aal^)j (J!ia ^litll a^)l2 ^aal^jj (JS iS jlVi al_j2l (_1*^ 

^2^)2! j)a IAjjc-j yya\j)2^\ £-a (Jal*2lj dlliL2l ^llaj 4 ej£!2! ajl2 ^aal^jj 

| j * .i al^2li .JSlda c_LUaJ 
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Jji t'l'nll aJa 1 ^oisLLs 


.ojyj£ • 
oj'iui.i.a • 

.oj£lillj .AaJj (jlS-a • 


•^j'^l L_lliaII)j 1 A3jL>aj l^» ■ ^LlaJ (j A £-3?“ Jy-^*- 5 iJLaJI oi& (^3 


Jj.l*2lll e-lj^l • 


(jptcl • 

.(recompile) Jy*-^il' jj sjIc.) • 

(setup) cjy*-^! ^Uaj !■_ o^lc- j • 

monolithic ) s-jjjjI' (Jy*2^1' j»Uaj -uic. Jj».^ull ^Uai ^ £-jill 3 a 

jiSaj <jV Jy*. jyc- jyi*yj .(operating system 


.(openness) • 


.(reliability) kpl^VI • 


.(maintainability) <j3^all • 
(modern operating system) Jyi^oll .12.3.2 

^Llaj eljill Jj-lxlL <jjj-a £f~a2 (Jjat.Ju]' ^Uaj jyyij (j£-aJ 

CluAaJI ^Uaill ^ n^->j3 Jjacuoll 


.^Aaiabdl <a.Luws eljjll (j-a ^lidl jj-ii £t-«l jyll (Jyj 2 «j 


.elj2l (dy^jTd' ^Uail 4_}jjjAia]l ^c-ol^ydl 


I. 11X1..; 


lillil Cej£l.2lj ojyyS 4 -vl m,a ^3] V ; i-\\ll 


e jj» 


el jill 


.(small microkernel) s> 


'•v u^el (jVI 

_k^axi]l eljill 
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Jji tl'iMl aJa 1 ^oisLLs 


No direct data exchange between modules 



User mode 


Kernel mode 


tilIJllaJI JjjljIujII ^Uaj :(3-12) (JSjIu 

(microkernel) «^ .12.3.2.1 

j 42i^3u J^uJI o^y* 2)»>«‘iII ^Uaj lI*-?’ ixmII Slj2l ^l.i-Vnul 

tiU. lA (Jjj2 J^L £_tiaj gi .Aill (JjatuZill ^Uaj (_j-o jjjSII £.J>aJI U ^ ‘ 

.^alla ill (JjAjuU aJllc.'^ <Ca.la. 

S_^a.i ^gJ! n.«\l (Jjaalial! ^Uaj s.J>2». A_ij\j^xsj 

.(portable) lSj^' 

l^ya A 4jLt<a (_5-lLa.^n (_Jj*-uu]I ^Llaj ^^ic- ^^iU/ai o^i-t/a/JI SljjJl 

.kljg iii.l i" \\ y \\» a oAz. ^Aaal £jjjjli]| 

(microkernel) "* j » . ^J i si jd\ l-jjjc. .12.3.2.2 

jlii*JI Sjl.il AajIu (JjacuLill ^»Uaj $.!j>aJ (jJJ Jl^aj'^l jiifL) 

.S$.liS]l Jiku La-a ^t-v'nu/all A *\l julaj 

£\jj^ ^Uaj .12.3.3 

Distributed Operating System (DOS) 

4_ia«ala. ^>3jJ lillju j^3 t jjj£ .A^lj jl^a. IgJlSj jAiil .Sjl^dl jjAj £-^21 lift 

.4^u«\l ^ lA jLitijlj £041^)21 j .llidl CllLjJja. ^q-v'i j^iill 4_i3lLi2l 
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Jji t'l'iMl aJa 1 ^oisLLs 


-illiall ^^ic- Is-lij (J lx >mMI ^Uaj ^>*m's \ ] 

(multiprocessors) djUJU* jjaj J^j ^Ikj • 

homogenous ) 4milyi,a o^^*ia L_>jjoila. oj^a.1 jjaj J^ » . d j ^U=u • 

.(multicomputers 

;l_Sjjo>L^ oj^^i Jaujj .32 L_ijn.il *•>!' ASjjJj 

_(<juulaCLa^ A^jLulLo • 

. (^ * ^ ju) cs^ ji/j (_^3 4 q\l-y.a • 

dll) jjj£ -la- 4 _idj £-JjjaI! (Jj*juli 1 I ^»Uai ojl.il Aiijla 

idliAi (_])»dill ^llaj 1 _ jjjALui dllii (J t» di11 ^»Llaj 

.u^ j^' ay 


dil II*.all o^AiCLa (Jjidall ^JVi. 12.3.4 

djUUll ^dajJj dll % 11 a .a o-iC- jj.li 4ji ^3 <iLai jc- liA Jjajdlll ^allaj i_i)l~iS i 

^jdajj ^liill (JjlaJI .Afijlda oj£!i lliiall ojIlV (Jjadall ^Uai 1 g -yl'i^ j C5^ 

.llaJLall (_])»dj]' ^Llaij (jlLi^l (Jjadull ^.llaj jjj 4-ijlLa 


dll -y 11 a .all llalLa (_])a dill j»llaj 

CliL^Jlx-all (Jjjuaall ^Unj 

d ll y 11 a a ole- jj.1i 

1^1 j jJ.ll 

oj£l j aladmJ dll y 11 a .all J£ 
<£,j"u'.’;.a 

ol^lj oj£li ^Jla-all ^ladmJ 

oj£li]l iliiall ojli] diUUj 

<i£jlidul]l 

■CijSli iliiall Sjlil djUUj 

^2la-a j-a jii£ij ^Cil djliLrJ! 

^cJtx-a ^Jajuol jJ ^JJ CllULull ^3 (Jj.Will 

*1^,1 ^ 
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Jji dill ->h i ^oisLLs 



£cJLt«a .*iVn\ dUau.^ (jV dlli idjLiJla-a oJlC- ^2 ^Uall Igjjlll 

(_]■)».dj ^Uaj dl.a.'i'VLi.il Ijl dllaJla .all ■I.’la.i.a ,}Lia_ll j )a .llilidj (j] ^JLilljj 

dill 1 g 'Nxal^j j d ll ail a .a o2c- ^aC-dil 4-il.lJI dla d u<i/i 4 : j),hll (Jladlll ^alaj 

.dil.aila .all (_JS ^2 (_5 jljlib 

^gjl dlLaJla^all jjal^ll (jja.dlll ^Llaj (■ Vlg 1 

.4_illc. A^j2j Of.la£]l • 

.(l_i3lid]l d ll q n)-a'illj ^Aidui*]l j_jC- dll>11 a .all aliid • 

(jn)-a~lll <ilj»l (jV dlli t La di. A Ig m ^Ualll IL& { _g2 A iqlqdill (jlLdi • 

^\ g .all .idal ^2 l^J ^^lill AjLl^Jall (_y lill (_jlaa_JI l g t^ia n Ja^lli A ill's .all 

^llalll ^2 (Jaiaj (_£d]l (JjiLLull j)l (_f \ (Jladnll )) 

.4jjj^]a]l (jjiiij dll >11 a .all .idalLa (Jjadl) ^»Llaj ^^2 (J-aaj (j 0^4 ^ g .all Jdal 


? dll >11 a .all .idu j ^l^-all .idtl (jjj ( _ 5 julJJ j )jI jj^jilll La 

4l£]j d^lj ^tJla-a ^c-al^jall dill (_5d]li t4 ]iji«|-v al jljai d>jJ ^ ^>1 g /ill .idtl ^ 
jjl q i'q-yll Lalu ^JjljlSlj (J-aal l^JlSj jdul <jJJ 4-La j ^jjj (jl (Jjl-^-i 

.idtl Lai n _dj3_j]l (JjjSJ ^2 d^.lj ^)-ai (jaa jiiSi diili £ i lal ■ a j V ^la-all 
J£) (Ja^aila ^la-a ^ic- ^c-aLl^jJ (J£ J-aaj d 11 ~\ A i'q l'q~v oljlj-a ^jlj djlaJla-all 

.(djS_jjl (jai^j ^la-a ^^3 ^all (jl (j^-aJ j-al 
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Jji t'l'iMl ->h i ^aALLa 


C-I^l (_JS a^)£l.2lj 0^)3 jlLa ^Uaill ICgJ CjULJ! JS 

.k^jlLiCdl aj£li]l eCA ^)JC- 

■^■laCLa]! ^»Llaill A K> : li,a .12.3.5 

oAi^.j]I A K>uo\li tC'lWHat.d' JS] ^llLo ClsULniJ (ji Loj 

.(simultaneous access) t>' Jjl' 

(_^al jlL2! Juia 4jl.a*s\l .12.3.6 

;LaA (j-aljjlLdl -Ua 4-jl a~s.\\ l,ag ■al.'lViml dlliA 

(semaphore) kLjL • 

(monitors) s->a' jdl %jk> • 

jjSbud! <Ljia .12.3.6.1 
; (jjlLuS (Jd's i CC*J jjSbudl (_jC- jjaj 

.(down) ^-Caj jc. jm j will • 

.(up) ls& “S^^' Wikll • 

.^J)5U! .*iVii 'Uuail ^jlc. IcLuc-lj CjAilll (_Jj 3 jjSbudl k^uS Idle 

;("CliaJj") JjVl Will 

^^3 ^yHuiij jjSLaxdl 4-<uS ] i ;^)ida (_j>s ^)dl j^sLaidl 4-<u3 Cllid lil 

.4_iLaaJI 

.process is blocked (.idll' Cy> l&*-i«) k2L*JI <—aid) jL^a will dul£ I j) 

4ddl 

) g l.ac. lA ^a jij (a jj>•v-a) kSjSj-a Cl \\ il.ac. CllC^j lil 
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J» C'iMl da 1 ^aALLa 


_ jjSLaAjuiSI 4-alii AjJp <i_j3j-a C \\ )\,ac. .JlajJ Ijj 

.”C1 iVi” £jCaj (j-« (Jjj^jlLj 1 gLc. 4L.-il jm 1 gi£>ai lAjjjaC) ^ii]| Cl)liL»JI 


4 ilxac. ji ”d iVi” 4_iLaC- ClllCj lij 4jl jA jjSlLaXuJI ^Uaj ^^3 A u^l S. ^A I 
j| A ^giia. j_jiL«UjuJI ^dl A i\,a» \ V "(jjji" 

.(j=^j) Uidji <4 j 

Ifrd.’^'Vuul JCaSJ did t c-l Itn^U 4jCa^)C. jjflLaJjuJI al-laiimlj 4_a-a^}i]l 

_Jaia 4dj2Cia]l ClUUJI 4-lLaa. 

(‘Liij-a) A Kjg .a jic- (clj£!) ClllJlCu 4jc. ^CiiiS 4_a-a^>JI ^3 l^al,'i~v~ni.il lia! 

.<?-«jd' ^dd ls * goto j*VI Ji* t$IL» (unstructured code) 

t^jjSLalid! 4jjj Ja jic- 4jLaad 4_iij JLa Alii-laJl J» Cn\l ~tV< ^laa.a JCaSJ add 

.(monitor) s-^'jdl ^ 
(monitor) _>dl %>L .12.3.6.2 

4 j-*<.,ajj o.la.j Jiaj Cilia. i4_a.jd! 4_nil£i CllLtd! ^ Jldll j-iiS ^d! 4_dii L_l£l!jdl 

.(procedures) ^j'd jd^* t> 

^ l^jt-a oC_ja.jdl Cllld^^aV! ^>ic. V) tgdl £-_d**J 4_a<al_a. (jj£i Clll^jiiiid! 

4_a.jdl <iijl£ 4itdl ^ (. dlxdl 4jUc. Jla t (monitor) 4j-y-a^d' o.la.j]l jjjjii 

.(encapsulation) 

4 u^il -S ^aI 


o^aljl 4_laadl ^^3 Ld^^J-d! Clllp l^^aJ (_j-a d^ja.! (j* Ji£) plcJluil (j^*J V 
.L_l3!.jdlj oCj^_jdl Cill^jliiLdU (jdjjlid! (Jjj^aJ! £_Laj Ji^ 44 »jjLujV 1 4 u^il-^H ^A oCA 

(1) JtiLa 


( 326 ) 















Jji t'l'nll aJa 1 ^oisLLs 


4 il,ac. Cliljla. j 4 (l_j 3I j«all J) Clda..}) L-jII^jaI! (_j-a plj-^1 a-lc-JiLailj La 4 il,ac. ClbalS 111 
4 ijll]| 4_ila*Jl 4t — 1 13J (jjallj ^ k—lSlj^aSI (JjjSj ^ya el^J plcjluil 

. (4-ill J-all (3° ‘T _^)aL) Jj^ 4_ila*JI (J-aliSj 

.Jill I JlLall ^.iklmj Uc-J ^lilajlll o^LJ 

(2) J^ 


_X ^Jial-all (j-aljl-all J J-a 1 \ ~i^.ai (__LjS ^lajJ Jllll ^c-alj^J 


Monitor mn { 

private: int x=0; 

public: int value(){ return x;} 

void incr() {x++;} 

void decr(){x—;} 

} 

mn >»!' jj :(5-12) ^j JfLi 

^)JC. V] 4.21 £_Laj illllj iX J4*La11 Jc- 3jLaaJI Hffl C—lllj-all JjJ 

,decr() ‘ incr() ‘ value() i/jysl>dW J1 j31 

;4 jl LaJ j 


.oAa. IJI 42a2>JLII (J ^l^)^-] (_j-a J£l a.lc-JjLuil (jSLaj V 


.L_ial_JI (procedures) jJ 42xJjj J ciLlnl! Jj^jll (j£Uj Vj • 

X ^>JCLai] dj-aljjl-all (Jjj^J £Xa 4 )l,ac. 1 V<j<j-N .33 (jj£L 

(3) Jl. 

? x i—ul£j tdecr() plj^Vl 42 Lac. eiic-Hml 111 L'i.wj IlLa 


(327) 











Jji AY'll I aJa 1 ^aALLa 


.(Ia decr() ^I^^VI dali j>a 4 il,a» II ^la ^a aj^? kllaJl oaa ^k 

- 4_llajd dll ^jjxda ^glc- L-lSlj-ail (_g J\~\ 1 (jl ( _pal j )C-'^l oAA JlLal 

;4_ilajdll <djljj*i<a3l .12.3.6.3 

(wait) jllajjVt klla. JlLaJ LaAlAa.1 tjj.lLo.lli Jdiaj dlljjida j)C. ojUc. <^A 

.(signal) ojt2o'^l klLa. 'S^tilll 4-ajall <J!laj Laiii 

^jliddl ^k jllajjVI 4jl_a. dlC-Axml j L_l3lj-aJI JdlA tLa 4_}LaC- tilll lA dlil£ Ia] 

4_iLac. tillliA dlil£ Ia] dl3j]l jjjiii 4 (l^iliil) lAj>a_a. ^1 lAA (_£Ajjjui t^^lajLill 
_(_J-a*ll aAjj L_l9lj-a]l (J^dA jj^l Ig l^-a) jUali^l klla. (_£^)iJ 

^gljVl 4_ila*l! ^LaxjJI jjfLaJ tL-liil ^)<aJI (JdlA ^^A (_^i]l 4jjllll 4_iLajdl (J-aC- alii 
ojlajjj (_5A]I (^gJajjoJ! ^jaidall y)C- a jld] JLoijLj dllij t4 L.^1 j^all ^ja 1 g °t \q i| ^jlll 

.^jSfl 4_iLa*JI 

A_j^j L-n Vil dl]Aj tL-ial^^a]! dljjj (jl j)-a Al^/ ajLuj^n dlAlj ^^1111 4_ila*JI 

_((j-alj)lll ^»Ac.) t^-lSl j-a]l (JdlA 4 il<a& jjn j!i£l 

dlljjida (J-aC- 4jiiS ^LldajjJ jjjLuJI (Jlilail ^ Cf 0_l3lj-aJI (JjA*j I 1 ’i^-aj 

_L_liil j<a]l 4_iJajjai 

Monitor cr{ 
private: int x=0; 
int blocked_process=0; 

Condition unblocked; 
public: 

int value(){ return x;} 
void incr(){ 
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Jji t'l'nll aJa 1 ^oisLLs 


if(blocked_process==0) 

XH—h J 

else Signal(unblocked);} 

void decr(){ 

if ( x ==0) 

Blocked_proces s++; 

Wait(unblocked); 

Blocked_process—; 

} 

else 

x--; 

} 

} 

:(6-12) (J£ojo0f4_llajjai djljjxia kildal .Aaj 

j^ll 12.3.6.4 

jjjajj CL-ialj-dl lila. 4jtL !iliLa tig nan ^glc. 4_jl 4.1JC- 

(j-aljjlll j-alji (JjJjla (jc- ^_ya 4jULij kjLaaj J (jjlS 

<_g ja.i A^a jj AaJi A 2 j .djUjlSLj (notify) 1 J (wait) 

L-ial^^l (_5flaj 
d il nulaJl a^AalLa (Jjadiull daj .12.3.7 


(329) 






Jji CiMl aJa 1 ^oisLLs 


Cl )\ y \\ * .all JaiClj ^Jal ^jc. 4 aVi-». ^ 4 1 K 1 A Igjc] sCCxlLall C~ ll iml all ^Jal 

^Uaj Ig al’ia; yill CjUUlSI £jCaj l_»*_k«a]l ^ya 4jV tl g La Ijuitl) y£i cs^J .aCCxlLaJl 

i^Uci .liA <£^liCua aySIc Ca,y V Cna (jl£^a sjIcV 

.(JlLa>yi (jc- ClsllLn]! (Jclli 


i\^ >_.^> 



£4 Id y ^Sw. 


(.J-ii-uJ-lll ^aUaJ |^V-12) cJ^- 1 - 0 


;4jd jl^a. (JS 


tCgi 4 i\a.a\' jjCli yi]l £^a! ^)lll LT^ - ^ 4 i\a.a sly 

.(^^ia-all (j^ayil t aj£lc]l c^lla-a]! (JlLa) J)l g >" 

Jclfj 4_I!lla ya ^jj Cilia. CllLlLaJI (jlJ (Jl ■ -^~'VI 4_aJ\jt-al juaii 

_4j 4jajj^)-a]l (_$^p i^l aJj^aVI £-a (_JjLuiyi 

(Jjt^ilall ^l-v't 4 jUall (JliCull]! ^ai ^> 1 C- aC!La*a 4 in .a 4_ia-a j >J 4iLLia tillliA 

.Calj ^Uaj lyl£ jCii] I ^ ^j (jjliij sj^a^l 

lyiVi 4iiia]i s^a yy 

_4q\~iaii\i gxiii yaiyyi j (_^yyyi cyiiii • 

/aCCxlLail Clll all ».a\l Cay yill >-£lij yell) 4Sy.Cia 4 n^ilyal a^SIc • 
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Jji CiMl ala 1 ^aALLa 


.Cl)LaJl*-all (_ 5 -lc- ^Ig-aJI £jjjJ U-L® dl^Ll^jaiJ • 

.4lialljt-a j cLiall (JllaC- I alia. I • 
CjULJt j)jJ>aj (Jj^alil) alial • 
.CllLlLaall (_jjj (JLk-aj^l alja.1 • 
_4i2a]l oCA ^^3 o.Aaj (3Jcul2I ^llaj ^ 4jt3jjj La JS (jl (_£ I • 

(message passing ) Ji_L .12.3.7.1 

dut-Cull ^Uaj (jli t oC.l*lLall dllxuilaJI ^Uaj ^ <£,j.u.'l.a oj£IL .AajJ 4jl LaJ 

.CjULnSI liljl Jail ClAiidalSI jjjj dAjL2l (JcLii ^>3 jj 

.~L»'^ <_aUliaLj (JjLoi^II (JcLii Aij^jla <■ iliaj 

(reliable communication) j2 JL^iV! .12.3.7.2 
V jl (reliable) ja <Ja s j^aVI jyj JL-aj^l 4ij*-a ^$-<21 j>a 


I.Xa!i*-a jjc- jLi-aj^l (jlS lil Lai .(_).li~Lu.a\\ (_JjLui^)]I (Jjj-aj (jxuCaj ■ Wu..all (jL^aj^l <^3 
.aJLujjII (_]_j^-a_jJ (_JjiLui/2l (j/» jbtCul 4 jjLi ^lia. j)\ liViL/l (Jjaij-all 1.1> )3 

(DSM) 'Lc- <£jIujLa]| S^)£I3]I A-alail .12.4 
distributed shared memory ^UKll jL-aikl ^ DSM 

.systems 

Cl )l y \\ x .all AaajJ (j/i L_Utj-al oCCsCLall C )1 ±mLall AaajJ (jl Aaj L_ljl Vi II JLla. j)» 

A il,aC. (jj£li oCCalLall Cll all* .all ^LSaj ^^is .aCCstlLall 
u-a 21 VlLaaJ i_iSl vail ol i aSLalull alCaJLuil /"tfLaJ a 


^—*’-7“'—or* w “* 

iA Ig i.i3 4JS^)1LLa 1I CllULnil (Jja-a^ll A il,ac. (jj£li oCCalLall Cil -vlla-all ^LSal ^^is .aCCstlLall 
^Uaj Lai .CliULuil (j^ljlLall (Jjj-a^JI VlLaaJ L-ISIjaII ji ^jjl.A-Uall ^IciJLuil (jfLaJj 
(JcLii ^^A ClsLUdl iLIjLuliU oC^lj Aij^jla jjc. (ClliA (JjjLIs oCCalLall dllimlaJI 
jl _jA JA j JU^ajL/lj 'daJjJj ^-jjCa^j-ail .vi») La^a (_JjLuj^)]I 
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Jjj CiMl aJa 1 ^uAlLa 


^Uai ^ (emulating) A^jlLLalt aj£l.2l ol£la-a (JjlaCi o jjj£ di j-au dill iA 

C'll imlaJI CCju 


jjjjiij dUuilaJI CCxll £-a 2-alxlij dll q nlVill _jA lilA (j-a 1 _aC^ll 

laA ^£1 ~s,a\l j3jJ Cilia i Clll -yII x .all CCxll ^a Igu (J-alalij ^^llli 

.(Clll -vllat .all CCxlLa ^Uaill ^ CLajli ^!ill 4u.di) 4_Jlia. 4£jllCCa 


; t _ g A 4 ill i-vil oj£lc]l s-ldi] J ^)! 3 Cal 

f\ 3Vn oj£lcll oilA (J-a*j .ajuiS 4_ilLra. ojSIc (jj£li] oJj^a.'lH (J£ _j£l jC ^ICaCLuil 
oca ci^jii .(dull jL£ 8 ji club 4) dil-vb^ Jl dlaLuuaJ! ^maii ciua. dil~vb.aH 
.(b£jlid.a 4 i'qiq~v o^)£lc Ca,jJ ^ Cliaj dll -vll «.all j£ljj ^ 4iiiaa. dlaJu-all 

.4uClc. ajjt/ij 4 jj£Iaj oCj^.j- 41 CllLa_jLt-4! £a ^dla-all (J-al*lii 

Cl 1 . 1 aj t4 il~v.al' 4 jj£Ic ol_ja.j>a juc- dLa_ji*-4 0 ]l*-a]l filial lil 

.(JuxCCill ^llai] 4lLaij CllLajLt-all Ajjj ^ill ^dla-all (Jjjijj • 

.^dla-al] lA ^ydaauj 4ujl)a.all 4ajL-a]l (jc- <_lucCull]! ^Uai d l~v.i i • 

^)»..l-j j_jl (jjC 4j^ila-a]l CllLa^Lt-all (_5jliaj 4 ~vb.aH (_Jj*_Cili]l ^lixi jCaai • 

'j±\ ^4l*-a (_j-a dj..a~vl 4usuL*aH oCA (jll ^Aaliuua]! 

(JllLa 


‘9 ‘5 ‘2 ‘0 c~ ll -yb-aH I^ya dLa_J*-a \ ^dla-aH l_iLLj lij 4(8-12) J^>dll (_y a 

Cl^ (_£^)a.l dll~vb.a (j-a dLaJla-a cs^ - Jj^^aal] .4 il-y-all 4lij£lc ^ja 1 fr-llc- JjuaaUjuj 
(Jjoijj t IQ ^ ~vb<aH ^yA b/aji*-a ^^ic- J_jj-aaJ] !llLa t JubCl'l]' J tail 4-ilxli>,uVI ^ja 
2 ^ll*-4i (j-« 10 ^ L&4 0 JJ-^ ‘J-ydulJ! ^llai] L-llla jlla-all 

.(7-12) JLill ^ La£ 11 gUI 

DSM c^i .12.4.1 

CiKq^ j!j£i Jjj^la (_j& dJiij f.lcVt j_jijaiali] DSM JJjiaJ liilAl 

.(read only) 4aia jail 


JllLa 
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Jji t'liMl ->h i ^oisLLs 


Igailaj Jaa3 iipljai] Cl)LajI*-a (_g j’iVl (JjjLuJ! (Jl!La]! IQ 4ClulS Ijj 

Jliall ^^3 Lafi 1 gIkj ^ja V-lj) 1 ^lx-a]l 2 ^ g ~v mi 2^*-^ 1 ^lx-a]l 

4_ull 4 a-mjj 1 ^l*-aiLj 4 vui i1Q 4 -y^mall ^a (jlla-mj Ibc] ^ H«aj Cilia, i ( JjjLuJ! 
4_a.laJI (jjA: 4 (jjjaj ^IciCLujI qa (j^^*-a]l (j^aj 4ijJa]l ^2 ^Jb-a^-J 

1 ^ \ \ \ 1 ^ W 

di1_a_i^a]l j Waa opl^all C' )1 \^/i ^a ^CalLuil] Ig .aj.aaM jjS-aJ a!llc. I 4a>jU\l 
CllLajI*-a 1 g-aCiCimij liifUj Jaia Cllm-l] 4^Ju*al! CllilS lil .LCaji 

Jaia Of. I jill d \\ 4jLal*-a 1 g'i\.al *A il^llc. 4_jlli£il LJLa. ^1'i-y 1 V j l^La 

\q -nIIVi dlLaJlauall (j£ cs^ 0 ^ jIjSjj Ig a-mj 
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Jji t'l'iMl aJa 1 ^oisLLs 


'■C ' hl' 1 *W*jj*J' "W* I-U> 




(V) 



(*) 


(8-12) fSjJii 

^C. 4_ic- ^-iil I2& toj^jSui 4 Jj^ai ^Jla-a ^15 12] ^^3 (j^- 1 4 K2ii,a\l 
ClL^b-laj L .\nu \ lgjljj'i J v.a (■ <l\~iVi .iS '(j j^Cll(jl (_£1 t^_gj~i-y/i\l ^ 4aS3ljj 

.(inconsistency) cjUJU^ll Jjs 4±lu* 
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Jji CiMl aJa 1 ^i2sLLa 


jij ^-a 4aJu*all (jjiill ClsULnil JjiljJ (jl.a^lal s-l^^al (j-« AjV iIUa] 


(JS ^glc- lAA sl^jal jj-a Aj'l/ 4aij-a ^glc- ClsULlJ JjAxIL ^4l*-a ^Ui Ills 

_4aJu^ai] ^Cjuiill 

^Jljt-a (JS ^15 4ajL-all (jjiiil 4 glla-a ^cjuii Aja_jJ ^LajuJI Ldaji (j£-aj 

4jjaJiHj oIa .(inconsistence) 4Aila-a 4ic. ^ciii Uus Jja*Aj 

^»Ac olc-lj-a (j-a Aj^ Cilia. 4<a-a^)JI Aliti (j-a Ajjj l ^ i£ij . IjiiS oa-liSJI Ajjj l^ji Aa.j 

.g-al^)!^ 4lLi£ (jia. Cl ll aq>.^-»\l (_ 5 jla-a JjjUal) 

^llaj jjxs ^gjuUJ^I i—SA^JI 4iL) j )]a]l oAA l^J Aj£) ^^ill 4a-a^)i!l Aitoi 

<- <AA oAA dUiJ .4_a-a^)JI ^imjj (JjVl 43AA Cilia. ^DSM 

•cs^J^' DSM 

.DSM j»tlaj oAja o^jCllii jlijj Clll aqt.all ^aa AjAai . 12.4.2 

Setting Up ) CIjIaIac.] C5 1c. Adi*j 4£iCl}l jic- 4_ajL^a J-^jj 

lA^i jij£ 4 aq>.a\l ^aa (jlS Ia] dUi] .Aiaij-a]! CAUL2I 4_iaS ^^Ic. (_>uilj (transfer 
(_j-a (jjljjik (_£j!iaj ^\i^i UjaJ CAllS, Ia] ^>a.l L-llLa. (j-a (j£Jj .(Jdij'lM CAlj-a AAc. 
JlaJI oAA ^ (JiiduJI ^llaj ^jlc. t<- '4‘ia.a jl^a ^ 4 a.Lia-3 a.J>a (J£j CliliLnJl 

(jia-all^)!] oAalj 4 ^ CAULij A_^aj .(jiaJla-ail (jij jl j-alLuilj 4aiu-a]l oAA (jLoijj 

.(false sharing) 4aiJI 4 £jldJI jjiaii^ 


AAalia ^Uaill 4 a.a^)ii' CAlAiiC) <_JjlLa plA'l/l (_jimai (ji j L-jAaj All dllliA 
I LaAaliuil Ia] oAla. a 4 ^a^)ij (j^Jj Ala <^IaI 1 Cllia .dlllmLaJI 

4 \g jli.1 4 \<jjl (jjSiuiS DSM LLaAallujI li] Lai .^1 Jail I ^3 (_JjLai^>]l JaIij 

.L-jjifa^ll jAailj (Jjj2 ^IaS/I 


Network Operating System (NOS) ^ IjISoAJI JjiAugij .12.5 

Ig x>>» ) (jc- 4jdaiiall Ajlj-ailj oJ^aVI ^_ya 4c. j-a>-a (jc- ojllC- jA ^_j4l lAA 
oj^a.'l/l oAA (jjlali) .sAjlj-a jjAj (_£aJ!j (j^alaJI 4 \ i»dj ^allaj J)l$-a (JSJj t^Caa-iSl 

.(jla*lJI I g >!->» .l\ L^iLaAa ^)2jl^ 
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Jji CiMl aJa 1 ^uALLa 


oC...Wbal' Cl'1 Jjgil~s.ll (_]iatCnll ^Jaj ICA (J^latli) 

.(Heterogeneous Multicomputers) 

(JuiCiujl l^j 4ijJa3l i ^ ja jjj dll^lColl (JuiCCl ^allaj (_j/»J 

local) 4-ik^31 o js-^331 cjUci. £cjjj <jj£ ^ i (j£Jj c(uniprocessor) 

.(remote clients) sawJI s(services 


lfra.l~i~s.i dlLaAiJl j (_j-a AlCall ^1] ClASjdll (JjxCIIi a3a i ^alali 

.(transparency) 4-u^U. Jii* ^ ^Lkill 
4jtLaj ClllSjCllI (_jut_Cu aJalj Aa.jli 33 oCA 4iLCal (_j^-aJ 

4jL3a]l 4 )-yxa^)j 4jL3a 1 g *.a> (jc. 44 £-J)_ja 3! ^sJaill (J-aC- ^c-C (j-a 

^u^ij AijjiaJI oc^j idil£iCa3l (JjiCuj ^Uaj ^jlc. lg.».>Ca jj (middleware) 4 3ai>«jll 

_4x.jj-a3l ^Jaill 4jjujlLa 4iij jj3jli IjCll ^Ualll 

ClllSjjuJI (_j.iat.Cu ^aLlaj 33 ‘(DOS) (_]iat Cnll Jalj 4jjULa 

kc. j-a>-a (jc- ojliC- jA Lajjj ,4£juiLalLa oCa.j£ ^Llaill _)JAl 33 j ‘ (jjillalLa Cllic- Cj^j 
(_J£ ^^3 4 <i ji-yxa C3 (jlaat ill 1 g >.aat ) (_jc- 4 Wn«,al'j 4j.iLa.33t C~ ll Uulajl ^ya 

.La Jajlj (j^ (jCaatull 1 g ^laatj 4jL-avla oJ)^^33l oCA .(_jiat.Cu3l ^Uaj 

(_j-a oClilai33l (j«a (jj-a.'i'Vuu.al' (jSLal) *—l3lig juU C' i\Su«ll (_jat.Cn ^Llaj j3_jJ 

.oj^a.331 £>CA <2kllLa3l CllLaCiJI 





D 

stributed applicatior 

IS 


4k«.i $> $ y Ol*«X?- 

w' 1>>.. I J..<c.^.’ >'di> 


p jp •_' v» 

>'dl) 







5 '^ 


1 


1 


1 


jS_ 
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Jjj t'l'nll aJa 1 ^o2slia 


(9-12) 



C-llS-bill jJ.Jt.2jj ^Uaj Ia j3jJ ^2i]l CjlaAiJI .12.5.1 


dllllllaiil] 1 a^)3jJ ClslaJlaJI j5Li. ja Ci\5uh\I Jjuaj ^.Llaj (_L-aj 1 n5a) 

i"l\5u«\l Jlialuj Jaj Jaaa ^^3 lAJla-j ^^lll Cl)La2aJI (ja .(jj-^ynMal 'J 

.^-la-a]l iJjlg^. ja a ja. 4jta Jalallj Auu jl^a. Jc- J^all 4-aAa. 

jig -N11 tJH 4lf2all jjc- i2lj-aljl Jaijj 2 jjlj 3I jl g -yll ^Jc. j_ja.H .2*Jj C'n^ 

.^1^ *11 iJ jlga* ^Jc- ^-Ull 


o2A £a Jaljtllj C1 j3j]I (jjjij ^ .llaj jl^a. ja jj£I cl^-^ jl (jl^-J 

.ijjl^a. (ja a. ja. Igjll a.V».ill e jg^.Vl 


; ja5H 511a co^Uaj 0 jg^.1 ja dllila ^cjaii <La.la. 


Rcpml:fl m2:f2 

.f2 m2 jW^' <^' ml jW^' c> fl 1 —al<2il ^ih ^ jl 

cjULall 4-j <j j^j (server) j» 2 la. jl^a- diliiHl ^Uaj <a.ia. 

^laJl 12gj ^j^.^a]l (file server) cislilal! ^Uaj ^aU jj .s j^a.VI Jll j 

a 'll a oal^al (jjll 23 ‘(clients) 4lla*JI a jga>.^M ja jja2aluia]l C ll j)-» ^5Hailj 

ojgja5U 2jl! (JjjjjJj tllliiHl ^Uaj 4jajuil_jJ ClAjJall 2ajj Cn-s oj jc. ji a 'll a jjjpj ji 

.(10-12) JH' ‘<1^1 
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Jji t'l'iMl aJa 1 ^oisLLs 







(►"> J*' P 

Ji j£ '^ 5-3 
•^'ulu'i 
jS ,.. w 'i 


( 10 - 12 ) 

(jjj j_j-all (JjKjujjll ^Llaj (_j-a A_ij1 Aj _jA i"i\5u«\l (Jjjujj ^Uaj 

.(transparency) ^LkiSI JjUj jl ja 


i"<Kj.*U (Jjiajjj ^Uaj <_JJJC. .12.5.2 


CjAa.ji dil£j2JI Jj*2u ^illaj (transparency) ^LLi j ^ 

L_J 


ojoi. ^Liaj CllliLall Jaj j! Aj*j jl^a. cs-^ - 4 i\,ac. 5LLa3 4-Jj» >.s\ 

aAaJLouJl ,j-a 

iJlLa 4jjlj] (_)5Luu» 

_4ialuui Sjl.il (^jlj UI 42 J ^Liaj 45 wall ^ " r 'j<L T*’V' 4-iIHalqjI • 


(— lima. i2l)2 (_j5j al La Ala 1 J)lg_a. ( _ 5 lc- (Jj^aI! 4jj» ..^i Aaj ULl^i • 

. lilli (account) 

(_]£ lA jjjjm (j-a Ai5li oA^lj jjj-a 4 -a\5j (J-aLdll ^..’'iVin.i.a Aljl li] • 

(access permissions) cjUjil 4-=JU* ^Vu a. J ' ^Li^ as La=li1 • 

. jW ^ 

_(_jl5-a (_J5 ^^3 4^jLilLa dllijA^M ^n»M 4 In u«j 4JL^)la a-^l\\ lA (jjtil • 
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Jji t'l'iMl aJa 1 ^oisLLs 


4jLaa. Lli^i L ' '* ■ ^ <_>« (JxaJS (security) -a-vW 4jj£j-a5UI AAJ^Ul oi& 

- 4_iii j pd]l dA oa g II (ja djl£-ul]l (_Ji*duj ^»Uaj 


4 l\ 


ilSjjdll Jjtdj ^Ja3 Ll_ya .12.5.3 


(_)]» dMi ^llaj £A 4jjULa (Jj-lxllll dll£odll Jjidu ^llaj _jy\*) 

(Jji-ajjj Jaaa dlJi ^aJJ liliajj t4jjg mij ^Uaill ^ja 4 Ivs-a 4jlj)j ji 4 lvv,a 4ildal 1 n5.al4 

dti lvv.a\l 4 j<L £-5b] j 4^','nU JjjS 4 )rv.a\l 

middleware 4 i±k]( .12.6 

;4_i3 (jnog a (jnliLi (j-a 1 iiiS'v ^1 )Vi\l (jj£2 

.(independent computers) ‘dii^a djLuaU • 
.(single coherent system) dLaUia ^.lj ^Lkj • 

^gi 4dlllll ^)3 jjj Laiu i4dliiH jiiajj djl^idll Jjjtduj ^Uaj ^gi ojk jLa lAJlaJ 

^Uaill ^)3jJ ^ (jj-aUaill 5lSs -t gJjSM 4 j ^Llaj 


? p j j^a]l ^glj (■ i))5 

;lg-a&ij 4£-4-alaj'il c"Aqj.^-a qc- 1 IIjaa 1 nWi 

,4 j-v\‘iaiVI • 

.4jilijoJI • 

_(l& jjc-j 4£.J)_ja ^Jai]l (JS ^gi 4jjU-»,a 4 u.-ai -s\l ^LVuuLM 4 J_j^jui • 

3 lii'i'v lc- jj-a LaUaj LiJ^aj ^ u.ani.i4 ^Uaj ^gi IAjj3jj ^ja LifLaj Ijj dlLli-all ojiA 
Lai t4 i-sl’iq'i^i 4 u.-ii Sj 4 _i*_uijj]I 4 u.-ii \ 4j (jl .Aaj L llKidii Jjidu ^Llaj ^gll Ij^laj lil 
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.(transparence) j <J$-^ £j>2l J4*2u31 

?iJaJI j& LaS _(_j^a3li (jxallilil 

4_Jj (. <nXi Clsl£jjuJ! (Jjxjoij ^Uail (layer) ^J>4jj 4lila ksL-b) ^ <_iaJ! 

_4j3lijui]lj ^lAaJLui^l kljg joi Jla 4 . ^-»a1 'll 

positioning middleware kaiLJI cP^ .12.6.1 

^Uaj Ia^)3jj 4j-y,a^)2' Clllg >1^' c" A qj ,j>s ^)2i£ 

SOCketS 21 ^l^aJiuilj JL^jj! f.!^)a.j ^3 !iliLa .CjISxuJI (Jjiaij 

.(djLai^l (J-illi] 4 q\"i-y.a oJ^^lj CjUUdl (j-a .l].}*i] 

^sj eiiliLdl ^llaj (interfaces) L "^c >'j u^v? ‘•''lUnfaill 

4lilj ,^aj jA lW' 2Uji] .(distribution) jj2l J^ataj s-lii.) ^ ,j^ 4ii Ua 

4 fi u«^]l 4 qj^Aiuj 4qj)-»H o^A tdllililallll j C~(Jjjulaj ^Llaj (j4J 

^cjtajJaillj Cj KumI I JjaJjj ^Uaj ,jjj kxuijll j (middleware) 



4^_~ 


4jaim^JI 4jlila]l ;(| 1-12) cjkilu 
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ojIa! ^)3jJ (j (*•'lien'll' JjAjAu ^llaj (_j<a 5-3?^ _jA) ^Ua ^llaj <j£ 

42aJjJ ^^jll jl ■ ^.~'V1 Jj^jla jauj! ^)J3 jJ C5 ^! ‘dlLkAa'^lj 4 iNa\l Ajl_ja]l 
!AA LajJj oA^)iia jjAii ^ 1 g joiaj 4}-»n«j]l 4 a il-.'l 3 I ^jxj IAA 

.^gla-d^ (Jjju-ai 3 l ^Uail 

.i"llqn)al'l (_jc- ^.Uaillj A_^ajal! (jjLli^ a.lia.1 jA a\l (■ Vigil 


J AliLaAall ^4 4JLsIS <c. ^)3jj 4 linujll 4 qj3-a\) ^ALaj 3 -a AjA*1! 

.jid {_$] i^ya l"llg Ujll CllLalAk-Luil 

JSLiJl .12.6.2 

i_i3*j Ualaia 3'® AjV LUaI .blg-ai oA^_ja 4 J-a u« j 4jiLJa Jjl^NI 

^llLtall 3*® AjAall LULiA .4 j^)Li*-4 4 ki.nj 4 q.1 J-» ^jjj Lp^ (_jaauVI_j jJjLtall £j_iajj 
i"llVnall (jl tilli 3*® IjaNIj 4(jAa*3l 1 g >>a» .1 £-a 4jj9ljJa Allan] 1 g l£]j Alutalaj <_5^^ 
1 g .1 £a JaLtal (j! >.. \x >>all 3® (A ql’i'La ^j| t ^ia 3® 3^) _JaA *®]1 (jailj (JjjJaj 

.(_jlaxa]l 

(middleware models) jI' <r^aj .12.6.3 

£alaj i(jj£j La Jjaui 1 g lal^i'l 3*-?^ 4c>3_ja]l d )\ 3 ).1 )a~i \\ jj^laj 4 ilac. Iiih.iM 

.3L-alNlj 1 _L-a_j] ^Aj»aj 4jalmj]l AnlaLSall ^i->» a 

4AJ^)la]l oAA .< _ Via 4ji ^Ic- (_JS £-a (J-aLtlill oA_^_jall ^ALail! land! ^ja 

.(UNIX) L>^ij ^ Vji CL1£ 
4 3 -iIhmj c"A qj J-a ^aLu! 4lLai .12.6.4 

^-jjall Cjlilall ^»llaj .12.6.4.1 

^jj Ania. AlslSnul! (JjLAuj ^»Uajl Aa.lj AlslaAa. <■ gn^Ti 4 q;J-i 3 c. ojlac. jA 
3al*JJ .jXjujjIU l^liLla _jA 4iilaJI sAA ^)LLul ^^3 ^aLoj Laa .djlaLall 4 \°i \jjAi ^c-A 

.Aalj 3^® cs^ igjlS 4c.jja]l djlilall ^-a ^Aaioiall 

(RPC) Auull 3 J>y\ *lAi .12.6.4.2 
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ljt£j ^i.1 jl^_ay ^i.1 (_5^ al-^j jl^y*. ^L-alj^yj (_j^-aJ 

|j| La Jy-aj V at^^VI a-lAij ^11 ^L]! ^t-ali^ylli \~v.a\l j\ g -v\L j Jlj^j-a iLlIL 

(jjiaj (_5i]l i ^ jS (JLa«ajl tillliA (_jl£ lil Laj lyjjii ji 1-ll*_) (jl£ 

f.l j )^'^l «alAj (_jc- LiSj (j^yLLuy -lixj" Alijj j_ji ^A ^Vn«.a\' 4.J 

.(Ji-llj ^1 JjLaljlIj ^aJJ ^jj]! C tSt\ \ lil]L) 


(distributed objects invocations ) 4*^' u^' «-'-^ .12.6.4.3 

‘(objects) CjLuI£JI C 5 Jc- ,j£i] to!^c.S Ai*y]l a'j^H a-i^j ojfiai <_yA 

jjjiiij <Ja*j (jAj .jl g >\b (jjl£ -^.jj oIc-^Iuia]! oAixiSI (method) ^jUli 

^.i oa«j ^jA (Ja (method) <ajjla ]1 C 5 c..iLuj! ^aaUjd! Jy-aj ^ L-ua. 

.(at-ii^ 4y3bLj) 4.xtik] jl^aJly 

(i distributed documents) ^ j>4l jjIjjII .12.6.4.4 


JjjLij (JSjuo ClsLa_jI*-a]! ^3-i‘n L_lJ_jJ! .L_llj]l ^Lau a^j jA ILa 

.( i _ s jiiLaJI 4Ayj]| ^ij-a ^) AyaliLoJ ^ JjjLi j]l JS <jjp^ Clu 


t jjxxa i jJ-lli tdlljja^al 1^_U3 j.^ii l^y3 (jj£j ^jia-al! 4c-jHa JjjLij]l oLa 

.URL u'j'c- ^yc- t^yl] ^-a (J-aLeijj .Ia jjc. j 


JLLa 


t ^ald ly Jay<jj£j http://www.sustech.edu ^>41 ^Sal 

JySLjaj CllLajlxa 4 i^>*-a i ^gic. l\ Jalfi (j!_ji*J! !La ^a (J-alxijj 

; lyJuJyLj (jlS-a (J!La ■‘tiyjl! (_jC- 

.4? LS' C5* • 

. jW (-S' ^ • 

JjacuLl L t->*' La • 


.£3_jaI! I^j 4x 11! La 
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Cllic. La • 

.<j jj Clil£-iC2l (J£joi La • 

lUj.li tA_ ijLj oliii i ji.1 l_sjj l_Uj ja^Li. (j-a ^jaI! ILa (Jii ^li 12 j 

.((jlfLail A \°i\ id) <11^)121 (jjjiL <21 (J^ai (JJaLmS ti U’i'v.a (_jia.Cij ^\ )Vn ojUL 

(middleware services) Lkuaji' : ^d2l ejU^k .12.6.5 

;l^La ^>SLj LLxLuijil A Ll-il' l& jijli dlLaliUI (_j-a l)3aJ! C2liA 

CllLiLaall (jjj 2' . V' «alii.lj diij ; (2j ■ ^2 ill II a-lii.)) A i3li22l Lali. • 

(_j-a lia2l <2li <aj^)la ojijli La (JlLa .<SiC2l ^^3 JjLuijil (JcLijj 

.(RPC) CiSULCu alia,ill (Jljlll J J) ^11 

Jjll (distributed file systems) £ j>d1 eiilildl ^LLi ajijj Uj • 

a ^^3 <c.Jjja Cl)1 22 (Jjj^ajll ^.‘'iVLu.ajl ^dalLaiiS _A A 2« \ alia-2l ClsLiLi2] 

(_5 1 'l/j CllliLal! aCA (j£Lai ^)£ii ^Liaj ^ j tl^lj (jlS-a ^^3 l^jiSj A 2l<.a 

■t JJ 2 S 

<21 Cjj- 2! ^aliCloU ; (naming) < T j-a*«2' Lali. • 

Jiau ^21 (URL) (jljidl (_J!LaJ U-Lia. 4L_Uj]l ^ Lllla-l LallLa 

.LlSliLuU <iLljj]l (jl^-a 

<L22Li jsljiii (j! l. )->j <-a^-2l ciiLaciJI ,j-a ;(security) CjLaaJl • 

_<jLaaJI <laljuaj]l 

(openness) Lkuajll <i22l ^-Liijl .12.6.6 

^llai A ]-a) a«j <iLja (JSd ^3 (jj£j <21w\l Ac. jj2! ^Ja2l (jl LaJ 

(_jjj 2 ^^JLiiLlj <JaXuij]l <ifL2l ^ic. (^j-Lu i_Sljjai <C.jj 2! CllllnJaUlS tC i\5 um\I (Jjadu 

(jj£L <■" )1 q Ij3i2t j_jl (_^l j ClllLudl f»Llai ^-a o^CuLl-a 43l5lc- dlliA 

o-Xalia-aj LSaLui^ll <i2S21j 42ajjj<a IgLfllj Clll^lC2l (_jla.Cn ^LSai (jc- A Ijjlima 

JS22L <a2iLa JJC- (jj^j A j-inajll <i212l (jl liA A KCio 2jj ILa j Jg2c- 


(343) 



















dill ->h i ^oisLLs 


jjS <jl .U j3jj ^1 (interface) <4^ ^ 

d \\ jU-0,a (JSj <LatS dllg 


dl*j 


4j-al_iJI ^gjlg_^,lj 4il_daV 4 .alVi^i ^ jjfixaj £9.1) 4JLal£ dAg^lj jiljJ ^•Ic- 

4.C- j,a-N,a (JS j_ji ^-jjt) .41-innjj'l 4infill d'1 g •NIj ^^9 jj-akill (jLaSV 

£ U^>~1 jjJIjJIj 4il d)1 g (jjlli c5-^! La^ tig'll g >'j ‘_lu^Vl ^Iaj 

f-lili! li&j t4^jJaiI IgJiaLdai Igjlg^lj ^glc- o.l<u*-<s 4^^. JS dila^ilaj 

.S.la.lj]| 4f»j>Mj]l 4 q if-ill djlinkj (jjj (portability) 4 j Vi Vi 11 4, ; u.al^ 
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.12.7 

? ^JaLujj ^iLail 4llai jSil • 

(_])» >mMI ^iLlajj tdll£-uli]l (JjijuL) ^llaj (J.t» >'.n\1 ^Llaj La • 

?^UJI 

?4jaXui_j]l Aiilail 4 _LujLujS/^ 4 .ag .all La • 

? <£. 4-ajaj!iU 4-aj!iLa ALjj t_ilS (Jia.Tnll ^Uaj (_jl .Vq’iaM (_J& • 

? liUl j 

? 4c.J)j^]l <11 diLia-a^y ^l^-a La • 
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(i) 


aJa 1 ^lisLLs 




Tanenbaum, A.S., (2009), Modern operating system, 3 ld 
edition, Pearson Education (Prentice Hall) 

1 

Galvin, S. (2009), OPERATING SYSTEM CONCEPTS, 
8 th Edition, Addison Wesley 

2 

Que Corporation (1990), USING UNIX, Que 

3 

Flynn, I.M., McHoes, A.M. (2001), Understanding 
operating systems (3rd ed.), Brooks/Cole Publishing 
Co. Pacific Grove, CA, USA 

4 

Crowley, C. (1997), Operating Systems A Design- 
Oriented Approach, IRWIN. 

5 
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(l_j) (jjal/J 



Process 

4 

Thread 

JaliJl 

Scheduling 

4jj.AaJ! 

Deadlock 


Memory 

i jSljll 

Virtual memory 


Performance 

pbVl 

Efficiency 

itUSii 

Cluster 


Multiprocessor 

dlLaJLaLxdl Jl-lxlLa L- Lull 

Multitasking 

^Lg-xill 

Cache memory 

slfk-dl ojSlill 

Main memory 

xUxuUJ^]! OjSlill 

Registers 

ClV-'v i.i-flU 

Processor 


Resource 


Page Fault 

4 ^i\l 13ak 
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Page Replacement 

i "\ ,.-iti Jhini.il 

Swap 


Main memory 

4 im ijjll 

Cache memory 

ol iS-all 0^)Slii]l 

Device drivers 

Clilsl 
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fe ) l3=^ 


<jjl!lSl ^_ya £.J>a. 


0,000 000 000 000 000 000 000 001 

yoctosecond [ ys ] 

0,000 000 000 000 000 000 001 

zep to second [ zs ] 

0,000 000 000 000 000 001 

attosecond [ as ] 

0,000 000 000 000 001 

femtosecond [ fs ] 

0,000 000 000 001 [ trillionth ] 

picosecond [ ps ] 

0,000 000 001 [ billionth ] 

nanosecond [ ns ] 

0,000 001 [ millionth ] 

microsecond [ /js ] 

0,001 [ thousandth ] 

millisecond [ ms ] 

0.01 [ hundredth ] 

centisecond [ cs ] 

1.0 

second [ s ] 

Uall j jlill QlJ 


60 seconds 

- 1 minute [ mean solar 

] 

59.83617 seconds 

= 1 minute [ sidereal ] 

60 minutes 

= 1 hour 
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24 hours 

= 1 day 

3,600 seconds 

= 1 hour 

86,400 seconds 

= 1 day [ mean solar ] 

86,164.09 seconds 

= 1 day [ sidereal ] 

7 days 

= 1 week 

168 hours 

= 1 week 

14 days 

= 1 fortnight 

28, 29, 30 or 31 days 

= 1 month 

365 days 

= 1 year 

366 days 

= 1 leap year 

12 months 

= 1 year 

31,536,000 seconds 

= 1 year [ calendar ] 

31,558,150 seconds 

= 1 year [ sidereal ] 

31,556,930 seconds 

= 1 year [ tropical ] 

9,460,550,000,000,000 metres 

= 1 light year 

299,792,458 metres per second ( m/s ) 

= speed of light 

Parsec 

= approx. 3.25 light 
years 
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http://www.simetric.co.uk/si time.htm t> 
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(j) (jaXs 

^jj^) o cjUL*JI ^ 

(] (Ji.1.3 (jCllLllaaJI ^3 ^ViW 

CjtjJaa. 

C Aiiiij 'Caa.jjj 4 _jIj£ C1)'j)ts li& ^JiLai ^ £.a2I (_JjS 

;(jlijjj! AjuJjjj) 0 S\\\ ^jic. 
4_i3jia]l ^lisi • 
<jU£] j^a-a) gedit j-AH l_u£) • 

_ oU^I t_uSl • 

creatProcess.c • 

o cc -o creatProcess creatProcess.c 

:jSjL *UaiVI ^ «ajj ‘Laa.jll! .laj ^oalj^jJI iij • 

o ./ creatProcess 

(1) £fUjj 

#include <stdio.h> 


#include <sys/types.h> 

#define MAX_COUNT 200 

void ChildProcess(void); /* child process prototype */ 
void ParentProcess(void); /* parent process prototype */ 
void main(void) { 
pid_t pid; 
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pid = fork(); 
if (pid == 0) 


ChildProcess(); 
else ParentProcessQ; 


} 

void ChildProcess(void) { 
int i=5; 

printf(" This line is from child, value = %d\n", i); 
printf(" *** Child process is done ***\n"); 

} 

void ParentProcess(void) { 
int i=9; 

printf("This line is from parent, value = %d\n", i); 
printf("*** Parent is done ***\n"); 


} 




( 2 ) p-Aijj 
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ill tlllf-lc-Jiail ^liVnul 4 iqi^ ^iajj ^llll ^t-aU^ill 
jjolW 4jt^l^>]l 4 ,ajq\l jLiiiJ tfork() 5 -lc-Jluilj 4_ilac. f-LuiiV C'n-\ cC-|~|- 

.L-j'SM 4 .ailatll a ku^l 4 i\.a»\l kyu 


#include <iostream> 

#include <string> 

// Required by for routine 
#include <sys/types.h> 

#include <unistd.h> 

using namespace std; 

int globalVariable = 2; 

main() 

{ 

string sldentifier; 

int iStackVariable = 20; 

pid_jt pID = fork(); 

if (pID == 0) // child 

{ 

// Code only executed by child process 

sldentifier = "Child Process: "; 

globalVariable++; 

iStackVariable++; 

} 

else if (pID < 0) // failed to fork 

{ 

cerr << "Failed to fork" « endl; 
exit(1); 

// Throw exception 

} 

else // parent 

{ 

// Code only executed by parent process 
sldentifier = "Parent Process:"; 

} 

// Code executed by both parent and child, 
cout « sldentifier; 

cout « " Global variable: " « globalVariable; 
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cout « " Stack variable: " « iStackVariable « endl; 

} 


(3) 


#include <sys/types.h> 

#include <unistd.h> 

#include <stdio.h> 
int main() { 

pid_t pid; /* ^ */ 

char *message; 
int n; 

printf("fork program starting"); 

jJcjs a-JU^ iteJcj* >1 

pid = fork(); 

switch(pid) { 
case -1: exit(l); 

case 0: message = "this is the child process"; n = 3; 
break; 

default: message = "this is the parent process"; n = 6; 
break; 


} 

for(; n > 0; n-) { 
puts (message); 
sleep(l); 

} 

exit(0); 
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} 




r ^ 

; Juijj ,2*j (_j-a 




pid = fork(); 

^>jc- ^»2j jAj) 4_iL»JI cJuj*j ^»2 j jm i C5-^ ‘pid ^^uCiaIIj 'Cajall 

<-_aj^)*j ^»5j ^^aj .jjj ((unique) <—ibj»j ^»2j Ia.iJ ujF'y* 4_iLac. JS 2 tjjSla 

.pid <^a»1\ 

.-1 4,aiq\l Ajilill 1 li\ lAW 1a (jlS lil 

; j-a^l ^1 ,'iVuuIj 4_iLaC. $.lgj| 1 il^<aj Liajl 


kill -9 [PID] $ 

.^VnM 1337 ^ iLaall s-Lgj'^ ^liLa ilAc-l^jl 2lj-dl 4 i\.a»\1 ^»2j PID J-i- 4 -) Cn^ 

^Ic- 


$ Skill -9 1337 


; (3 Cy* 4_iLaaJI (jjiij plgj] 1 i&aj U-iaj! 


kill( 1337, SIGKILL); 


(4) 

ja^ Lj 4_iLa*JI tfork() «.UjjL ^ 

,exit() j-^W kiL*^' ^ .-4^' Jlj 2 Ia jjc. jl exec j' execlp 

_!iliLa 4_ilac. jlViVi 4 j\,ac- JjcaJ a^aJLmJ Wclit J- 4 ^ 1 >>iji 


int main() 

{ 
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} 


pid_t pid; 

/* fork another process */ 

pid = fork(); 

if (pid < 0) { /* error occurred */ 
fprintf(stderr, "Fork Failed"); 
exit(-l); 

} 

else if (pid == 0) { /* child process */ 
execlp("/bin/ls", "Is", NULL); 

} 

else { /* parent process */ 

/* parent will wait for the child to complete */ 

wait (NULL); 

printf ("Child Complete"); 

exit(0); 

} 


(5) 
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finclude <stdio.h> 

void funct () 

{ 

fork (); 

printf ("Hello 2 !\n"); 
return; 

} 


int main () 

{ 

int i; 
fork (); 

for (i = 0; i < 2; i++) 
funct () ; 

printf ("Hello 1 !\n"); 
exit (0); 

} 


LaS (jjSxui 


Hello 2 
Hello 2 
Hello 1 
Hello 2 
Hello 2 
Hello 1 
Hello 2 
Hello 2 
Hello 1 
Hello 2 
Hello 1 
Hello 2 
Hello 2 
Hello 1 
Hello 2 
Hello 1 
Hello 2 
Hello 1 
Hello 2 
Hello 1 
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Jji I'inll aJai ^uALLs 


fo fork uV dlL 8 Hello 1 j ‘'fo* 12 Hello 2 *jU& 

^3j jiAa-a jjc. ciiljLaJI s^a l_ujjj .for jljSill <j-« (jjjlauaij .djj funct() kll.2! 

ellljlrN Jj foUl! f-uijll 4J^ (j-« <■ ilia.j 


printf in funcO 
H Hello 2 H for 1 M 


printf in fnncO printf in mainO 

lo 2 ] dEEH Hello 1 y~ 


funct I — I fork 


-0 


Q^—^ | funct | ~~^~j* 



TZ Hello 2 REEH Hello 1 y- 


^—►Jh 


L | Hello 2 | 


IHEEHEEH 


HEEHEEH Hello 1 R 

_zf Hello 2 REER Hello 1 R 

fork | 

R Hello 2 REEDR Hello 1 } 

REERt Hello . R 

fork | 

R Hello 2 REEER1 Hello 1 ] 


(6) g-'jjj 

Child 1 1 gJ^a*a (jjj 4_foc- s-Luijlj J 4L_)VI 4 fo» \1 (JIaj (3 4jiL l_u£! 

eiiUfodl ,child2 (fo 4foe, Iajj-ij ,jfol foUaJlj ,fork() «.Ic.j1ujLj 

^3 lladl £Jj-a i. Ajuia^ ufoM 4 foadl 1 aa n .ufoM 4 foadl ^ja e-lifoi 

child2 4 fo»\lj 4 fo»\l 4 *■. '■ child 1 4 fo»\1 j 

4 foe. .Jbu ojjailxa 4-41.4]' jfo 1 gfollj jfo Cll foadl (fo .5 Al*]' *— A 

.4-afojj 4njfoxJ dll fo» 11 c-fojl ija JlSlj .t- ll 


int pid = fork(); 
if (pid==0){ 


pid=fork(); 
if ( p id==0) { 

printf(child 2 %d \n", 3*3); 
exit() 
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} 

printf("child2 %d\n M , 4*4); 
exit(); 

} 

Printf("parent %d\n", 5*5); 
Wait(NULL);} 


5_U*3l JlJlj i J&jj :Wait() 

( 6 ) £»\ij 


ZJ^ 

int pid=fork() 
if ( p id==0){ 
while(l) 

printf( "child..."); 

} else { 

while(l) 

printf("Parent...");} 
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(-&) ijalo 


** ••*• 
C '<<<< 


9.04 ji — 8.10 ^ -v i* m 1 I jljjjjl 

; LllllI! CuiLuJ! li'i a^ya (JjV 4jl.lie- 


Demo and full installation 


Try Ubuntu without installing! Simply reboot your machine with 
the CD in the tray. You may perform a full installation from 
within the demo to install Ubuntu either alongside Windows or 
as the only operating system. 


Install inside Windows 


Install and uninstall Ubuntu like any other application, without 
the need for a dedicated partition. You will be able to boot 
into either Windows or Ubuntu. Hibernation is not enabled in 
this mode and disk performance is slightly reduced. 


Learn more 

. 

Ubuntu is a free, community developed, linux-based operating 
system complete with a web browser, productivity software, 
instant messaging, and much more. 


Ciruj ajjj lil (Demo and full Installation) 
u^j' j' ‘(full installation) 

.(live CD) 

jlijjjl ciujiij ajjj ciuS lij (Install inside windows) iyr^' 

.(—ala Cln.ni JiLa <iiLa jjCjjj 

<. Cp) _>&' cjUjl*^ <ajxJ (Learn more) i 4 -^' 

.(j^j' 
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(c"nn‘i 4j^>aJiI' ji UalSlI Cnnil) (JjSfl jLikll 


U^uj Demo and full Installation jj ^ 

*4 UiuLuJI j^Jalu 



‘.Finish ^ £ Reboot now 

ojlc-Li ^3 ^aj ^3 4Mjli.ui .-o 4jaLaUJ ^3 IAij^ 

; CjljLi. Jalm (JjjuJajll o^lc-j Jlxj _Ljj.li jJjJfoSlI (Jjjuujj 


Try Ubuntu without any change to your computer • 

jW c^a u' uj^ 

jW j£jjj' ^jjj) Install Ubuntu • 
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(live CD) 


t> '^i : (Try Ubuntu) ^j^' '\' 

•cs^ ^jW JijJ u' uj^j ^u' uj j (live CD) <i'jla^V' 


■bLal^ll 4i>_uilSI Jjjjjjl 1."njjj 


cslc. jljjjjl eimiuj ^jli^ ja ^\ li$i (Install Ubuntu) ^j^' '\' U1 

ojj^aJ *Cal, , 'iVn«lj tiL.il (j-ajall 

dimlll <Jj3 

£cjs! tilli ,j-a ^SblS) -die. jii^jjl L-mUS jla (partition) <j-« 

ojbl ^ (computer management) sjbl- 4jjtal djl 3 ±\ - ^^adll <*.jl 

■‘"C L>® iSLij 



^utfl.a JJC- lL,a <ULa. ^3 _L_lL<all (j-ajiill ^^3 Al-la. ^juj 3 $.Luijl til 1 \c- jl 

jljjjji dnjjj) 4 \g >«llj jljjjjl dijiTi Ujbll Aij^lall ^AaJLdj (jl (J^jujVI c(-iaa3 (j) 

^<jilc. j L_iUall (j^ajill ^-> n«3i ^^1] AadaJI jjj3 C cy® *• 
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Mxk i(new partition) ^ ^ '- "^ j <-*. j lij U 

Acronis PartitionExpert j^-VI 4_iLJI ^1 jaVI gJ jj ^.i^U 

.Partition magic J 

liljV) Ic- j\A a£jjIj (2 4_L« lililiUj (JijS D !iliLa (2 jjc. ^jui 9 dll.}] lil 

,4_i3 jjjjjjl i."mlii >}*j alji-s/i .'liVnu 
(_l«l£]l d llllLSI 4j!Aj 


JlS) 4 'Ijtl. LlVl QM ^3 

Cllljia^ £-lui (j-a (jj£li 


tCjj. 


‘ Install Ubuntu ^j^' '\' 

II aiaU lVi v (dia_j]! c _3j»..u.i.li 


(English) f»Uii]l 4^=Jj jUi.1 ,1 

Welcome 

Ready to install? Once you answer a few questions, the 
contents of the live CD can be installed on this computer so 
you can run the system at full speed and without the CD. 

Answering the questions should only take a few minutes. 

Please choose the language used for the installation process. 

This language will be the default language for the final system. 


If you have Internet access, read the release 
notes for information on problems that may affect 
you. 

Release Notes 


Step 1 of 7 

^0jQuit 


ajp Forward 






_( ( _jJalj j )]l) (Cllii (jjl) dli ili l.a jll^.1 .2 


Bt/irapcKM 



— 

Bosanski 


Catala 


Cestina 


Dansk 


Deutsch 


EAAqvLKa 


English 


Esperanto 


Espanol 


Eesti 


Euskaraz 


Suomi 


Franqais 


Galego 



H 
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Where are you? 


Select a city in your country and time zone. If the indicated current time is incorrect even 
after selecting the correct time zone, you can adjust it after rebooting into the installed 
system. 



Selected city: 


Riyadh 


V 


Selected region: 


Saudi Arabia 


Time zone: AST (GMT+3:00) 


Current time: 01:33:44 PM 


Step 2 of 7 


^0] Quit 


i Back 


Forward 


4-jA jUSII jllkl .3 

Arabic -> Arabic-qwert/digits ^ 

Keyboard layout 

Which layout is most similar to your keyboard? 


Afghanistan 



Arabic 

Albania 

e 


Arabic - Buckwalter 

Andorra 



Arabic - azerty 

Arabic 



Arabic - azerty/digits 

Armenia 



Arabic - digits 

Azerbaijan 



Arabic - qwerty 

Bangladesh 



Arabic - qwerty/digits 

Belarus 




Belgium 




Bhutan 




Bosnia and Herzegovina 




Braille 

Fi 




You can type into this box to test your new keyboard layout. 
1 aqzxsdv!23122ww^ua-iLoVAAVA c \Vc^ j «*u < uu f ^ 


Step 3 of 7 


Quit 

<^a Back 

Forward 




;4_ilc. jSj jJj! i** \\j\) Ang.l # 4 
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Prepare disk space 


How do you want to partition the disk? 


Before: 


After: 




■ /dev/sdal □ /dev/sda5 ■ /dev/sda 6 
39% 32% 27% 



H /dev/sdal □ Ubuntu 8.10 ■ /dev/sda5 ■ /dev/sda 6 

4% 35% 32% 27% 


<§> Guided - resize SCSI3 (0,0,0), partition #1 (sda) and use freed space 


New partition size: 


Micro... 
10 % (... 


Ubuntu 8.10 
90% (52.5 GB) 


O Guided - use entire disk 

<•) SCSI3 (0,0,0) (sda) - 160.0 GB ATA Maxtor 6Y160M0 

O Manual 


Step 4 of 7 


^gjquit 


Back 


Forward 


manual .a 

Prepare disk space 


How do you want to partition the disk? 


Before: 


After: 



■ /dev/sdal [| /dev/sda5 ■ /dev/sda 6 
39% 32% 27% 



Manual 

100 % 


Guided - resize SCSI3 (0,0,0), partition #1 (sda) and use freed space 


New 


partition size: 


I Micro... IJ - 

Ubuntu 8.10 

|io% (...n_ 

_90% (52.5 GB)_| 


Guided - use entire disk 


0.0 GB ATA Maxtor 6 YI 6 OM 1 


<§) Manual 


^ Quit 

Back Forward 




oialil! jg Ivi 
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Prepare partitions 



□ sdal (ntfs) ■ sda5 (ntfs) ■ sda6 (ntfs) 
39% 32% 27% 



Undo changes to partitions 


Step 4 of 7 


Quit 


<$B Back 


i (E ‘D ^c 1_1 a 

Delete jLlii aJ i 4_lic. D ^Uikll i 


► Forward 


.partition 

Prepare partitions 



□ sdal (ntfs) ■ sda5 (ntfs) □ Free space 
39% 32% 27% 


Device 

Type 

Mount point Format? Size 

Used 

— 

/dev/s da 





/dev/sdal 

ntfs 

62923 MB 

6604 MB 


/dev/sda5 

ntfs 

52427 MB 

3221 MB 


free space 


44646 MB 






New partition 


Undo changes to partitions 


Step 4 of 7 


Quit ^ Back 


► Forward 


eUij] jUkl j#jl c(free space) jjc- «■ jail ^>^u« ,d 
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(^lj]l) c" ll 40 1 >>».a (_j-a 4-<u3 <2kLuua]l ^ jlikl , e 

(swap) J^] <=4^ 4->' ls^- ^=4^' (4000 J 2000 


C5^ ^ ‘ 


Create a new partition 

Type for the new partition: 

Primary ® Logical 

New partition size in megabytes (1000000 bytes): 

4000 

Location for the new partition: 

® Beginning 0 End 

Use as: 

swap area 

V 



Mount point: 


V 

Qcancel ^JoK 


^jilj dljjl liA iAjAi. f.Luli! a^aJiul>tt]l JJO £.J>iJI ^lu cs^ - .f 

^Aaj i(jlijjjl 1 ^j 3 dmim 4 -si t M^\l) LaS 4 -si joloJI 

I^A (jl (^j-isu jAaJ! *L«!ilo J "/" 4 -a^c- jliil 


.Jjilj-a ^C. jij! i jJJjJjI d ll£lj (jlS-a (jjfLlm 
Create a new partition 


Type for the new partition: 

Primary 

® Logical 


New partition size in megabytes (1000000 bytes): 

40649 


1 V 

Location for the new partition: 

® Beginning 

O End 


Use as: 

Ext3 journaling file system 

v 

Mount point: 

/ 

V 


Qcancel ^JjoK 


LaS ■‘UjjViN (^jl^lll (JSdJI (JjSLlui _g 
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Prepare partitions 


h 

□ sdal (ntfs) 
39% 

■ sda5 (ntfs) ■ sda6 (linux-swap) 
32% 2% 

□ sda7 (ext3) 

25% 

Device 

Type Mount point 

Format? 

Size Used 

□1 

/dev/s da 

/dev/sdal 

ntfs 


62923 MB 6604 MB 


/dev/s da5 

ntfs 

I □ 

52427 MB 3221 MB 


/dev/sda6 

swap 


3997 MB unknown 


/dev/sda7 

ext3 / 

0 

40649 MB unknown 



Edit partition Delete partition 


Undo changes to partitions 


Step 4 of 7 



^0, Quit 

^ Back 

^Forward 




j IS ij ^iu^v\l ^ujI c&UUj # 3 


Who are you? 


What is your name? 

| osman 

What name do you want to use to log in? 

[osman | 

If more than one person will use this computer, you can set up multiple accounts after installation. 
Choose a password to keep your account safe. 


Enter the same password twice, so that it can be checked for typing errors. 

What is the name of this computer? 

| osman-desktop | 

This name will be used if you make the computer visible to others on a network. 
6Z Log in automatically; 


Step 5 of 7 


Quit 


i Back 


► Forward 


jLik C5 io jail windows XP e.Sj^.j-dl LJjLajia-a jljjluil dOjI lil .6 


.(LlJi (_J*aiV o.llc.) jjly.VI 
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Migrate documents and settings 

Select any accounts you would like to import. The documents and settings for these 
accounts will be available after the install completes. 

If you do not wish to import any accounts, select nothing and go to the next page. 

k 



Step 6 of 7 


Ready to install 


41 Quit 


^ Back 


► Forward 


umli jiil .7 


Your new operating system will now be installed with the following settings: 


Language: English 

Keyboard layout: Arabic - qwerty/digits 
Name: osman 
Login narrK: osman 
Location: Asia/Riyadh 
Migration Assistant: 

Microsoft Windows XP Professional (/dev/sdal): 

kfu: Internet Explorer, Wallpaper, User Picture, My Documents, My Music, My 
Pictures 


If you continue, the changes listed below will be written to the disks. 
Otherwise, you will be able to make further changes manually. 

WARNING: This will destroy all data on any partitions you have removed as 
well as on the partitions that are going to be formatted. 


Advanced... 


Step 7 of 7 


^0] Quit 


^ Back 


► Install 




Installing system 


15% 


Detecting file systems... 
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i-AW lA j (Jja.Co] JjVl jUiJl ! dlljLd oCc. ialm (Jjidill oClc .1 C*J _10 

.(jjLuJ! ^LlaJ 

j jjjjJ^ ^1 4 J ^SjjlLaJl dJliJI 4 ^LuiaJI ->j>MS*i (_^a AjV jlijjVt Cnm JjS ;^»lA 4-iiii 

•LaA 


l^_La AlilmJ oCAj i o^jSlc]! dlqc.L>>.a ,j-a ,jj£jj !SW3.p (J^Vl “dLuba • 

Lal£ 1 g ■*>>*•> Aj LalSj iduilil C*J Ig -^lIVl (j]j tiSj-a dULJl £daj i^s$ ^Uai]l 

Iji^ll'l <C- Jjoi do! j 

dinTi l$j3lj (j-a dflluuj ^Uail! Clnjjj 1 ^j3 ^jj ^^llS! 4 -^U.ua]' jA j ;/ jdJl • 

ojjiiS 0-a!^ duiiij ~lA-C1.nl dCjl lili t jljjj'^l ^jic. daLCal ^-al^JJ 

_liA jjlS! 4 ~sl >«,a Ig jlc. 
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(jjAbj C'n/nlQ jLiaJI 


^gJI c_iL<a]l ^ajjoiflj ^lliaj ^ liAj tjjAjjj jlijjjjl Cnili 

^ILa ‘(10GB uj^ ^^5-“ <3') c'ny'i'iW 4 j^ 4^Lui-« cLeJ uj^j J <44 ^)j «■! J>4 

c jlj^jji Clijml lea. 4\g >m ^jfiaCi oCA j t jjCjjj (_$cl& <■ d-a^ jljjjji dmlu 

;iLM ccl4^' ^*jliLa ^ Install inside windows J-^' <_s44- ^ 



<_s' 4 jljjjji cimjj i (language) <j-* 4^ <UJ jlla.i 

4^ cjjj 4 II 4 ^LuJI 4 i (installation drive) (cimiuJI 44 4 il 


jjj^I 4 ^Kj t (user name) ^ ciCLmJ I ^1 4 4 (installation size) 
.install jj 4° 4' .4^ 44 4 4' (password) 


; eitcl CllljUiJI 4 m~i\ (JllLa 
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<LujLu>]! ]aJ d n/i'iH JLu£l Axj 
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U . jlfraJI sjIc.1 ^Lijuu ‘Finish jj ^ £ Reboot now 

;<J!La (iiL.d JjjLdl Jjicuii]! ^Uaj L_Luia>) CjljUik jg JVi oj-a L.ImlaJI ^jflj 


Windows XP operating System • 


^Jc. (JiulVt ag jolil JajcJbi 

.\_ljl_aij jjAjjj ^ 1 lui 3 jLi* (_ 5 ^ jUiaJj Ijl 


Jai^iai allij (jl dOji Ijj 

.Enter £ Ubuntu 
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